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INORGANIC HYDROGRN AlSfD H YD ROGEN POLYMER COMPOUNDS AND 
APPLICATIONJqTHPPPor 
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Catalysts 
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Single Electron Transfer (Multiple Species) 
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3.9.2 Results and Discussion 
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3.10.1 Experimental Methods 
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COMPOUNDS 

ANDAPliLICATtON?^ THPRPrip ~ 

Closs^Refcrence m P^u.^,^ ^ rrliommi, 
Tlus application is a Conlin«ation-in-Par. of United Slates 
application Ser. No. 09/225.687. filed on Jan.ary 6. 1999 the comole.. 
JsCosure of which is incorpo.a.e. Herein Jfe.nce. T L 

Ser No 60/101.651. ftled September 24. 1998; United Sta.es provisional 
apphcauon Ser. No. 60/105.752. filed October 26. 1998; United s7a el 
provtsional applicaUon Ser. No. 60/1,3.7,3. filed Dece„,bcr 24 \99l 
^999 U H r"''""" ^^'^^^'^^S. nied'March „ 

Apr.l 22. 1999; Un.ted States prov.sional application Ser. No 60/14, 036 

I. iNTRonnrrf rifM 

L — Field nf t he ,nvenliftn- 

This invention relates ,o novel compositions of matter comprising 
new forms of hydrogen. ^""'pnsing 

2. — Backproiin d of th^ Tn von»;,^» 
2.1 Hvdfj n^g 

A hydrogen atom having a binding energy given by 

where p ,s an integer greater than ,. preferably from 2 ,o 200. is 
Jhsclosed in Mills. R.. The_erandJInm^^ 

MecL^. January ,999 Edition (" '99 Mills GUT"), provided by "~~ 

prior PCT applications PCT/US98/I4029; PCT/US96/07949- 
PCT/US94/022,9; PCT/US9,/8496; PCT/US90/,998; and prior US Patent 
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Applications Serial No. 09/009.294 filed January 20. 1998; Scrinl No. 
09/111,160 filed July 7. 1998; Serial No. 09/111.170 filed July 7. 1998; 
Serial No. 09/111.016 filed July 7, 1998; Serial No. 09/111.003 filed July 
7. 1998; Serial No. 09/110,694 filed July 7. 1998; Serial No. 09/110.717 
5 filed July 7. 1998; Serial No. 60/053378 filed July 22. 1997; Serial No. 
60/06891.1 filed December 29, 1997; Serial No. 60/090239 filed June 22, 
1998; Serial No. 09/009455 filed January 20. 1998; Serial No. 09/110,678 
filed July 7. 1998; Serial No. 60/053.307 filed July 22, 1997; Serial No. 
60/068918 filed December 29. 1997; Serial No. 60/080.725 filed April 3, 

10 1998; Serial No. 09/181.180 filed October 28. 1998; Serial No. 60/063.451 
nied October 29. 1997; Serial No. 09/008.947 filed January 20, 1998; ' 
Serial No. 60/074.006 filed February 9. 1998; Serial No. 60/080.647 'filed 
April 3. 1998; Serial No. 09/009,837 filed January 20. 1998; Serial No. 
08/822.170 filed Marcli 27. 1997; Serial No. 08/592,712 filed January 26. 

15 1996; Serial No. 08/467.051 filed on June 6. 1995; Serial No. 08/416.040 
filed on April 3. 1995; Serial No. 08/467.911 filed on June 6. 1995; Serial 
No. 08/107.357 filed on August 16. 1993; Serial No. 08/075.102 filed on 
June 11. 1993; Serial No. 07/626,496 filed on December 12.1990; Serial 
No. 07/345.628 filed April 28. 1989; Serial No. 07/341,733 filed April 21, 

2 0 1989 the entire disclosures of which are all incorporated herein by 

reference (hereinafter "Mills Prior Publications"). The binding energy, of 
an atom, ion or molecule, also known as the ionization energy, is the 
energy required to remove one electron from the atom, ion or molecule. 
A hydrogen atom having the binding energy given in E<j. (I) is 

2 5 hereafter referred to as a hydrino ato m or hvdrinft The designation for a 

hydrino of radius ^.wherc a„ is the radius of an ordinary hydrogen 

atom and p is an integer, is w|^j. A hydrogen atom with a radius a„ is 

hereinafter referred to as "ordinary hydrogen atom" or "normal hydrogen 
atom." Ordinary atomic hydrogen is characterized by its binding energy 

3 0 of 13.6 eV. 

Hydrinos are formed by reacting an ordinary hydrogen atom with a 
catalyst having a net enthalpy of reaction of about 

m-21.2eV ^2) 
where m is an integer. This catalyst has also been referred to as an 
3 5 energy hole or source of energy hole in Mills cariier filed Patent 
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Apphca„ons. I, is believed that the rate of catalysis is increased as ,he 
net enthalpy of reaction is more closely matched to ,„ YI.2cV It has been 
found that catalysts having a ,»ei enthalpy of reaction within ±10% 
preferably ±5%. of m.21.2cV arc suitable for most applications. 
5 This catalysis releases energy from the hydrogen atom with a 

commensurate decrease in size of the hydrogen atom. r,^no,. For 
example, the catalysis of //(n = |),o W(„=i/2) releases ^0.8*V. aird the 
hydrogen radius decreases from a, to i«„. One such catalytic system 
involves potassium. The second ionization energy of potassium is 3163.V 
10 and ../C.' releases 4.34 .V when it is reduced to K. The combination of ' 

27.28 ffV, which is equivalenl to m = l in Eq. (2), 

15 The overall reaction is 

Rubidium ion {R^ is also a catalyst because the second ionization 
energy of rubidium is 27.28 eV. In this case, the catalysis reaction is 

Rb^'-he-'-^Rb' +21,2SeV (7) 
And, the overall reaction is 

The energy given off during catalysis is much greater than the energy lost 
to the catalyst. The energy released is large as compared to conventional 
chemical reactions. For example, when hydrogen and oxygen gases 
undergo combustion to form water 

the known enthalpy of formation of water is AH, = -2^6 kj / mole or 1.48 eV 
per hydrogen atom. By contrast, each (« = |) ordinary hydrogen atom 
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undergoing catalysis releases a net of AO.ZeV. Moreover, further catalytic 

transitions may occur: n~--i- i^i 1^1 anri crw r\ ^« 

2 3* 3 4* 4 5' Once catalysis 

begins, hydrinos autocaialyze further in a process called 
disproponionation . This mechanism is similar lo that of an inorganic ion 
5 catalysis. But. hydrino catalysis should have a higher reaction rate ihan 
that of the inorganic ion catalyst due lo the better match of the cnihalpy 
to m-n.leV. 

2.2 Hydride Ions 

10 A hydride ion comprises two indistinguishable electrons bound to a 

proton. Alkali and alkaline earth hydrides react violently with water to 
release hydrogen gas which burns in air ignited by the heat of the 
reaction with water. Typically metal hydrides decompose upon heating at 
a temperature well below the melting point of the parent metal 

15 

11. SUMM ARY OF THP INVRNTnON 
An objective of the present invention is to provide novel compounds 
thai can be used in batteries, fuel cells, cutting materials, light weight high 
strength structural materials and synthetic fibers, corrosion resistant 
coatings, heat resistant coatings, xerographic compounds, proton source, 
photolumincsccnt compounds, phosphors for lighting, ultraviolet and 
visible light source, photoconductors, photovoltaics. chemiluminescent 
compounds, fluorescent compounds, optical coatings, optical filters, 
extreme ultraviolet laser media, fiber optic cables, magnets and magtietic 
computer storage media, superconductors, and etching agents, masking 
agents, agents lo purify silicon, dopants in semiconductor fabrication, 
cathodes for thermionic generators, fuels, explosives, and propellants. 

Another objective is to provide compounds which may be useful in 
chemical synthetic processing methods and refining methods. 

A further objective is to provide the negative ion of the electrolyte 
of a high voltage electrolytic cell. 

A further objective is to provide a compound having a selective 
reactivity in forming bonds with specific isotopes to provide a means to 
purify desired isotopes of elements. 
3 5 The above objectives and other objectives are achieved by novel 

compounds and molecular ions comprising 
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(a) at leas, one neu.ral. positive, or negative hydrogen species 
(hereinafter increased binding energy hydrogen species") havL a 
binding energy 

(i) greater ,han ihe binding energy of the corresponding 
5 ordinary hydrogen species, or . *^ . ^ 

(ii) greater than the binding energy of any hydrogen species 
for vvh.ch the corresponding ordinary hydrogen species is unstable or is 
no. observed because the ordinary hydrogen spec.es' binding energy is 
less than thermal energies at ambien. conditions (standard temperature 

1 0 and pressure. STP). or is negative; and 

(b) at least one other element. The compounds of the invention are 
hereinafter referred to as "increased binding energy hydrogen 
compounds". 

By "other element" in this context is meant an element other than 
1 5 an increased .nd.ng energy hydrogen species. Thus, the other element 
can be an ordinary hydrogen species, or any element other than 
hydrogen. In one group of compounds, the other clement and the 
mcreased binding energy hydrogen species are neutral. In another group 
of compounds the other element and increased binding energy hydrogen 
species are charged such that the other element provides the balancing 
charge to form a neu.ral compound. The former group of compounds is 
characterized by molecular and coordinate bonding: the latter group is 
characterized by ionic bonding. 

Also provided are novel compounds and molecular ,ons comprising 
(a at least one neutral, positive.. or negative hydrogen species 
(hereinafter increased binding energy hydrogen species") having a total 

hydrogen specie^ T ^^^^-^^"^ ^^^^^ 

(ii) greater than the total energy of any hydrogen species for 
which the corresponding ordinary hydrogen species is unstable or is not 
observed because the ordinary hydrogen species' total energy less than 
thermal energ.es at ambient conditions, or is negative; and 

(b) at least one other element. 
The total energy of the hydrogen species is the sum of the energies to 
remove all of the electrons from the hydrogen species. The hydrogen 
spec.cs according to the present invention has a total energy greater than 
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the ,o.al energy of ,hc corresponding ordinary hydrogen species The 
hydrogen species having an increased ,o.nl energy according ,o' the 
prescnl mvention is also referred ,o as an "increased binding energy 
hydrogen species" even though some embodimen.s of ,he hydrogen 
spec.es having an increased total energy may have n first electro/, 
binaang energy less that .he first eieciron binding energy of the 
corTesponding ordinary hydrogen species. For example, the hydride ion 
of b,. (10) for , = 24 has a firs, bind.ng energy that is less than the first 
b.ndmg energy of ordinary hydride ion. while the total energy of the 
hydr,de ion of Eq. (10) for p = 24 .s much greater than the total energy of 
the corresponding ordinary hydride ion. 

Also provided are novel compounds and molecular ions comprising 
(a a plurality of neutral, positive, or negative hydrogen species 
(hereinafter -increased binding energy hydrogen species") having a 
I 5 binding energy ^ 

(i) greater ,han the binding energy of the corresponding 
ordinary hydrogen species, or ^ b 

. (ii) greater than the binding energy of any hydrogen species 
for which t e corresponding ordinary hydrogen species is unstable or is 
no. observed because the ordinary hydrogen species' binding energy is 
less than thermal energies at ambient conditions or is negative- and 

(b) optionally one other element. The compounds of the' invention 
are hereinafter referred to as "increased binding energy hydrogen 
compounds . j 6 • 

The increased binding energy hydrogen species can be formed bv 
reactmg one or more hydrino atoms wi.h one or more of an electron 
hydnno atom, a compound containing at least one of said increased ' 
binding energy hydrogen species, and at least one other atom, molecule 
or ,on other than an increased binding energy hydrogen species 

Also provided are novel compounds and molecular ions comprising 
(a) a plurality of neutral, positive, or negative hydrogen species 
(hereinafter "increased binding energy hydrogen .species") having a total 
energy 

(i) greater than the iota! energy of ordinary molecular 
J hydrogen, or 

«,hi.h „ ^''"r '''y ^y^'^^^- 'p'^^i^^ for 

Which the corresponding ordinary hydrogen species is unstable or is not 
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observed because the ordinary hydrogen species' loial energy is less than 
thernia! energies at ambient condiiions or is negative; and 

(b) optionally one other element. The compounds of the invention 
arc hereinafter referred to as "increased binding energy hydrogen 
5 compounds'*. 

The total energy of the increased total energy hydrogen species is the 
sum of the energies lo remove all of the electrons from the increased total 
energy hydrogen species. The total energy of the ordinary hydrogen 
species is the sum of the energies to remove ail of the electrons from the 
10 ordinary hydrogen species. The increased total energy hydrogen species 
is referred to as an increased binding energy hydrogen species, even 
though some of the increased binding energy hydrogen species may have 
a first electron binding energy less than the first electron binding energy 
of ordinary molecular hydrogen. However, the total energy of the 

1 5 increased binding energy hydrogen species is much greater than the total 

energy of ordinary molecular hydrogen. 

In one embodiment of the invention, the increased binding energy 
hydrogen species can be and H; where n is a positive integer, or //„' 
where n is a positive integer greater than one. Preferably, the increased 

2 0 binding energy hydrogen species is W. and //; where n Is an integer from 

one to about IX\0\ more preferably one to about IX\0\ even more 
preferably one to about \XlO\ and most preferably one to about 10. and 
//; where n is an integer from two to about 1 X 10*. more preferably two 
to about IX\0\ even more preferably two lo about IX10\ and most 

2 5 preferably two to about 10. A specific example of W; is //" . 

In an embodiment of the invention, the increased binding energy 
hydrogen species can be //;- where n and m arc positive integers and h;* 
where n and m are positive integers with m<«. Preferably, the increased 
binding energy hydrogen species is where n is an integer from one to 

3 0 about I X 10*, more preferably one to about l X 10', even more preferably 

one to about i X !0^ and most preferably one to about 10 and m is an 
integer from one to 100, one to ten,- and H^' where n is an integer from 
two to about IX 10*. more preferably two to about 1X10*. even more 
preferably two to about 1X10'. and most preferably two to about 10 and 
3 5 m is one to about 100, preferably one to ten. 

According to a preferred embodimem of the invention, a compound 
is provided, comprising at least one increased binding energy hydrogen 
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speces selected from the group consisting of (a) hydride ion having a 
btnd.ng energy according ,o Eq. (10) that is greater than the b.nding of 
ordinary hydride .on (about 0.8 eV) for ;, = 2 up ,o 23. and less for p=24 
( increased binding energy hydride ion" or -hydrino hydride ion") (b) 
5 hydrogen atom having a binding energy greater than the binding' cnerRv 
of ordinary hydrogen atom (about 13.6 eV) ("increased binding energy 
hydrogen atom" or •hydrino"); (c) hydrogen molecule having a first 
btnd.ng energy greater than about 15.5 eV ("increased binding energy 
hydrogen molecule" or "dihydrino"); and (d) molecular hydrogen ion 

10 having a binding energy greater than about 16.4 eV ("increased binding 
energy molecular hydrogen ion" or "dihydrino molecular ion") 

The compounds of the present invent.on are capable of exhibiting 
one or more unique properties which distinguishes them from the 
corresponding compound comprising ordinary hydrogen, if such ordinary 

I 5 hydrogen compound exists. The unique properties include, for exatnplc 
(a) a umque stoichiomctry; (b) unique chemical structure; (c) one or more 
extraordinary chemical properties such as conductivity. ,„el,ing point 
boihng poi.it. density, and refractive index; (d) unique reactivity ,o ot'her 
c ements and compounds; (c) enhanced stability a, room temperature and 

20 above; and/or <f) enhanced stability in air and/or water. Methods for 
distinguishing the increased binding energy hydrogen-containing 
compounds from compounds of ordinary hydrogen include: 1.) elemental 
analysis. 2.) solubility. 3.) reactivity. 4.) melting point. 5.) boiling point. 6 ) 
vapor pressure as a function of temperature. 7.) refractive index. 8 ) X- 

25 ray photoelectron spectroscopy (XPS). 9.) gas chromatography. 10.) X-ray. 
diffraction (XRD). 11.) calorimetry. 12.) infrared spectroscopy (IR) 13) 
Raman spectroscopy. 14.) Mossbaucr spectroscopy. 15 ) extreme * 
ultraviolet (EUV) emission and absorption spectroscopy. 16.) ultraviolet 
(UV) emission and absorption spectroscopy, I7.) visible emission and 

3 0 absorption spectroscopy. 18.) nuclear magnetic resonance spectroscopy 
19.) gas phase mass spectroscopy of a heated sample (solids probe and 
direct exposure probe quadrapole and magnetic sector mass 
spectroscopy). 20.) rimc-of-flight-secondary-ion-mass-spectroscopy 

IIcrxl'^K^i' ^''^ ''"''°*P^^y''°"*^«'io»-«i'nc-of-night-mass-spectroscopy 
(tbUOFMS). 22.) thermogravimetric analysis (TGA). 23.) differential 
thermal analysis (DTA). 24.) differential scanning calorimetry (DSC) 25) 
liquid chromatography/mass spectroscopy (LCMS). and/or 26 ) gas' 
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chromatography/mass spectroscopy (GCMS). 

According lo the present invention, a hydrino hydride ion (H ) 
having a binding energy according to Eq. (10) thai is greater than the 
binding of ordinary hydride ion (about 0.8 eV) for p = 7 up to 23 and less 
for p=24 (H) is provided. For p = 2 to p = 24 of Eq. (10). the hydride ion 
binding energies arc respectively 3, 6.6. 11.2, 16.7. 22 8 29 3 36 1 42 8 
49.4. 55.5. 61.0. 65.6. 69.2. 71.5. 72.4. 715. 68.8. 64.0, 56.8. 4?.]. 34.6." ' 
19.2, and 0.65 eV. Compositions comprising the novel hydride ion arc 
also provided. 

The binding energy of the novel hydrino hydride ion can be 
represented by the following formula: 



Binding Energy = + _ nn^e't,' 



■ • - ^ " [ + ^ 



(10) 



where p is an integer greater than one, ;r = l/2. ;ris pi. ft is Planck's 
constant bar. is the permeability of vacuum, is the mass of the 
electron, /i, is the reduced electron mass. is the Bohr radius, and e is 
the elementary charge. 

The hydrino hydride ion of the present invention can be formed by 
the reaction of an electron source with a hydrino. that is. a hydrogen atom 
having a binding energy of about where « = 1 a„d p integer 



greater than I. 
H-{Hp): 



n p 
The hydrino hydride ion is represented by H-{n^\/ p) or 



H 



a 

L P J 
p 



+ <r"-»//-(n = l/p) 



ir{Hp) 



dUa 
(ll)b 



The hydrino hydride ion is distinguished from an ordinary hydride 
ion comprising an ordinary hydrogen nucleus and two electrons having a 
binding energy of about 0.8 eV. The latter is hereafter referred to as 
-ordinary hydride ion" or -normal hydride ion" The hydrino hydride ion 
comprises a hydrogen nucleus including proteum. deuterium, or tritium, 
and two indistinguishable electrons at a binding energy according to Eq 
(10). ^ 

The binding energies of the hydrino hydride ion, H'{n^\l p) as a 
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function of />. where is an integer, are shown in TABLE !. 

TABLE 1. The rcpiescniaiive binding energy of the hydrino hydride ion 
H'{n = l/p) as a function of p, Eq. (10). 



10 



1 5 



20 



Hydride Ion 




Binding 


Wavelen( 






Energyb (eV) 


(nm) 


//"(/!= 1/2) 


0.9330 


3.047 


407 


W"(n = 1/3) 


0.6220 


6,610 


188 


//-(/, = 1/4) 


0.4665 


1 1.23 


110 


ir{n = \l5) 


0.3732 


16.70 


74.2 


//"{« = 1/6) 


0,3110 


22.81 


54.4 


1/7) 


0.2666 


29.34 


42.3 


//"{n = l/8) 


0.2333 


36.08 


34.4 


1/9) 


0.2073 


42.83 


28.9 


/r(n = 1/10) 


0.1866 


49.37 


25.1 


//~{n = l/ll) 


0.1696 


55.49 


22.3 


1/12) 


0.1555 


60.97 


20.3 


/r{n^l/13) 


0.1435 


65.62 


18.9 


/r(n = l/I4) 


0.1333 


69.21 


17.9 


//"(rt = l/15) 


0.1244 


71.53 


17.3 


//"(« = 1/16) 


0.1 166 


72.38 


17.1 



25. 



^ Equation (51). infra. 
^ Equation (52). intra. 



NoveJ compounds arc provided comprising one or more hydrino 
hydride ions and one or more other elements. Such a compound is 
3 0 referred to as a hvdrino hydride comp^^ nri, 

Ordinary hydrogen species are characterized by the following 
binding energies (a) hydride ion. 0.754 eV ("ordinary hydride ion"); (b) 
hydrogen atom ("ordinary hydrogen atom"), 13.6 eV; (c) diatomic 
hydrogen molecule. 15.46 eV ("ordinary hydrogen molecule"), (d) 
35 hydrogen molecular ion. 16.4 eV ("ordinary hydrogen molecular ion"); : 
(e) //;, 22.6 cV ("ordinary trihydrogen molecular ion"). Herein, with * 
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reference ,o forms of l.ydrogcn. "normal" and -ordinary" arc synonymous 

According ,o a furiher preferred embodiment of ihe inveniion a 
compound is provided comprising ai leas, one increased binding encroy 
.hydrogen ^species such as (a) a hydrogen a.on, having a binding energy of 
about -J--J- , prcferabiy within ±J0%„ more preferably ±5%. where p is 

an integer, preferably an integer from 2 to 200; (b) a hydride ion (in 
having A binding energy of about 



P 



2* 

I + : 



preferably within ±10%. more 



pj^ferab ly 15%. where p is an .nteger. preferably an integer from 2 to 
200. ^=1/2, ;tispi. ,s Planck's constant bar. p. is the permcab.hty of 
vacuun^ .s the mass of the electron. is the reduced electron mass a 
.s the Bohr radius, and e is the elementary charge; (c) (j) « ' ' 

tnhydrino molecular ,on. //,'{, /p). having a binditig energy of about 
^ cV preferably within ±10%. more preferably ±5%. where p is an 

integer, preferably an integer from 2 to 200; (e) a dihydrino having a 
binding energy of about ^ eV preferably within ±10%. more preferably 

±5%. where p is an integer, preferably and integer from 2 to 200; (0 a 
dihydrino molecular ion with a binding energy of about -1^ eV 

preferably within ±10%. more preferably ±5%. where p is'ln integer 
20 preferably an integer from 2 to 200. ' 

The compounds of the present invention are preferably greater 
than 50 atomic percent pure. More preferably, ihc compounds are 
greater than 90 atomic percent pore. Most preferably, the compounds 
arc greater than 98 atomic percent pure. 

According to one embodiment of the invention wherein the 
compound comprises a negatively charged increased binding energy 
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hydrogen species, the compound further comprises one or more cations, 
such as a proton, ordinary Hj, or ordinary //,'. 

Tlic compounds of ihe invention further comprise one or more 
normal hydrogen atoms and/or normal hydrogen molecules, in addition to 
the increased binding energy hydrogen species. 

The compound may have the formula MXAf H, wherein n is an 
integer from I to 6. M is an alkali or alkaline earth cation. X is a singly or 
doubly negative charged anion. M' is Si, Al. Ni. a transition element, an 
inner transition element, or a rare earth element, and the hydrogen 
content //, of the compound comprises at least one increased binding 
energy hydrogen species. 

The compound may have the formula MAIH^ wherein n is an integer 
from 1 to 6. M is an alkali or alkaline earth cation and the hydrogen 
content //. of the compound comprises ai least one increased binding 
1 5 energy hydrogen species. 

The compound n.ay have the formula MH, wherein n is an integer 
froni 1 to 6. M is a transition element, an inner transition element, a rare 
earth element, or Ni. and the hydrogen content //. of the compound 
comprises al least one increased binding energy hydrogen species 
The compound may have the formula MNiH„ wherein n is an 
integer from ] to 6. M is an alkali cation, alkaline earth cation, silicon, or 
aluminum, and the hydrogen content //„ of the compound comprises at 
least one increased binding energy hydrogen species. 

The compound may have the formula MM' wherein n is an 
integer from 1 to 6, M is an alkali cation. ..alkaline "earth cation, silicon, or 
aluininum. M' is a transition element, inner transition element, or a rare 
earth clement cation, and the hydrogen content of the compound 
• comprises al least one increased binding energy hydrogen species. 

The compound may have the formula MXAl)C H, wherein n is 1 or 2. 
M is an alkali or alkaline earth cation. X and X' are cither a singly 
negative charged anion or a doubly negative charged anion, and the 
hydrogen content //. of the compound comprises at least one increased 
binding energy hydrogen species. 

The compound may have the foniiula 77H, wherein n is an integer 
from i to 4. and the hydrogen content //, of the compound comprises at 
least one increased binding energy hydrogen species 

The compound may have the formula AlH, wherein n is an integer 



20 



25 
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from I .o 4. and ,hc hydrogen con.en, H. of .hc compound compr.ses a. 
least one increased binding energy hydrogen specie. 

The compound may have ,he formula A,,H^ wherein n is an integer 
- rom 1 to 4. and ,he hydrogen content H. of the compound comprises ^t 
5 least one increased binding energy hydrogen species 

Ihe compound may have ,he formula [Kff^KCO,] wherein m and „ 
are each an integer, the compound contains a, least one H and the 
hydrogen content H„ of ,he compound compr.ses at least one increased 
binding energy hydrogen species. 
10 The compound may have the formula \KN„KN0,]' nX' wherein m 

and n are each an integer. X is a singly negative charged anion the 
compound contains a, least one H, and the hydrogen 'content H of the 
compound comprises at least one increased binding energy hydrogen 

I 5 The compound may have the formula [KHKNO,] wherein n is an 

integer and the hydrogen content H of the compound comprises at least 
one increased binding energy hydrogen species 

The compound may have the formula [KHKOU] wherein n is an 

20 Z?7J"' 'he hydrogen content H of the compound comprises at least 

20 one increased binding energy hydrogen species. 

\MH Jy'l T'^""'' '"""^'"^ '"^y have the formula 

[MH^M-Xi therein m and n are each an integer. M and M' are each In 

alkah or alkaline earth cation. X is a singly or doubly negative charged 

25 TZrT '='^™P°""V"'''"' ^he hydrogen content 

25 Ii„ of the compound comprises at least one .ncr.ased binding onergT 
hydrogen species. 

(A.// JxV""-r"'. !" °' ""^y ^^^- 'he formula 

[Mff.M'X-l nX wherein m. m'. n. and n' are each an integer. M and M' 

are each an alkali or alkaline earth cation. X and X' are a singly or doubly 
3 0 negative charged anion, the compound contains at least one // and the 
hydrogen content H, of the compound comprises at least one increased 
binding energy hydrogen species. 

IMH A^rr T"' r'"'"' ^^''^^ ""^y 'he formula 

{MH.AfXi nKf -herem m. m-. n. and n- are each an integer. M. M-. and 
3 5 M" are each an alkali or alkahne earth catton. X and X" are each a singly 
negative charged anion, the compound contains at least one H and the 
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hydrogen conicnt //, of the compound comprises ai Icasl one increased 
binding energy hydrogen species. 

The compound including an anion or cation may have the formula 
I'^^LT/ "X' wherein m. m'. n. and n' are each an integer. M is alkali or 
5 alkaline earth, organic, organometalic. inorganic, or ammonium cation, X is 
a singly or doubly negative charged anion, the compound contains at least 
one H, and the hydrogen content of the compound comprises at least 
one increased binding energy hydrogen species. 

The compound including an anion or cation may have the formula 
10 vi^herein m. m'. n. and n" are each an integer. M and M' are 

an alkali or alkaline earth, organic, organometalic, inorganic, or 
ammonium cation, the compound contains ai least one //. and the 
hydrogen content H, of the compound comprises at least* one increased 
binding energy hydrogen species. 
15 The compound may have the formula M(H,,)^ wherein n is an 

integer. M is other element such as any atom, molecule, or compound, and 
the hydrogen content of the compound comprises at least one 

increased binding energy hydrogen species. 

The compound may have the formula wherein n is an 

20 integer. M is an increased binding energy hydrogen compound, and the 
hydrogen content of the compound comprises at least one increased 

binding energy hydrogen species. 

The compound may have the formula M'{J1,J^ wherein n is an 
integer, M is other element such as an alkali, organic. prganomct.aUc, 
25 inorganic, or ammonium cation, and the hydrogen content of the 

compound comprises at least one increased binding energy hydrogen 
species. 

The compound may have the formula M'{H„l wherein n is an 
integer, M is an increased binding energy hydrogen compound, and the 
30 hydrogen content of the compound comprises at least one increased 

binding energy hydrogen species. 

The compound may have the formula M{h,^\ wherein n is an 
integer. M is other element such as any atom, molecule, or compound, and 
the hydrogen content of the compound comprises at least one 

35 increased binding energy hydrogen species. 
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The compound may have the formula M{H,,) wherein n h an 
mteger. M .s an iacrensed binding energy hydrogen compound and ,hc 
hydrogen con.en. of ,hc compound comprises at ie'st one here' sed 

binding energy hydrogen species. 
5 The compound may have the formula wherein n is an 

mteger M is other element such as any atom, molecule, or compound -.nd 
.he hydrogen content of the compound comprises at leasT one 

increased binding energy hydrogen species. 

The compound may have the formula wherein n is an 

I 0 integer. M is an increased binding energy hydroge'n compound and the 
hydrogen content of the compound comprises at least one increased 

binding energy hydrogen species. 

The compound may have ,he formula m{H^I wherein n is an 

increased binding energy hydrogen species 

The compound may have the formula M(H^l wherein n is an 

ydrogen content {H^l of the compound comprises at least one increased 
^0 binding energy hydrogen species. 

The compound may have the formula M{H,,) wherein n is an 
jnteger. M is other element such as any atom, mollcule. or compound and 
.he hydrogen content of the compound comprises a. least one 

increased binding energy hydrogen species 

The compound may have the formula wherein n is an 

.nteger. M is an increased binding energy hydrogen compound, and the 
hydrogen content (/.^^ of .he compound comprises at least o;e increased 
binding energy hydrogen species. 

The compound may have the formula M//.),{//,.X(//.U//.),K) 
3 0 wherein q. r. s. t. and u are each an integer including zero but not all zero. 
M ,s other element such as any atom, molecule, or compound, the 

TuruTl^UuT^ " '"^ •'^^ ^^y'l-g- content 

^"u>)^(",tKK»74),(H^),[H^l of the compound comprises at least one 

increased binding energy hydrogen species. 

The compound may have the formula M"..),(«..U«.U//«),(/Ao). 



wo 00/07931 



PCmJS99/I7!29 



I 9 



10 



1 5 



wherein q. r. s, nnd t are each an integer including zero but not all zero. M 
is an increased binding energy hydrogen compound, ihe monomers may 
be arranged in any order, and ihc hydrogen content 
(/'.o),(«..),K).(W«),(«»), of the compound comprises at least one 
increased binding energy hydrogen species. 

The compound may have the formula MX wherein M is positive 
neutral, or negative such as H,„ HJi, H,,H„ H„H,,, OH,„ OH,,, OH,,. 
MsH.H., NaH.H^, H„H,0. CNH,,. CH^, SiH,H,,. SiH,{H,,)^, {H,^ 

Shfh»^, {SiH,\H,„ SiH,[H,,\. CH,„ NH„. M/^. NHH,„ OH^, HfiH,,, FH^. 

iSifQM,, SiH.{H,,l, NOH^, 0,H„. HOm„, 0,H^. H.ONH^, Hfi.H^. 

Si,HM,' (SUU\{H,,l, {OH,,)H,,H,„ {OH„}H,,H,„ 

Si,H,„ Si,H„{H,,)^, Si,H,{H,,\. {SiH,\(H„\, {S<H,\{H„) . 
f^aOSiH,{H„l, NoKHH,,. Si,H,(H,X Si,H„(H,,\, Si,H,{li)^, 

iSiH,\H,„ {SiK)pUl, Na,03UJ,{U„l. ''ih"*{H,.h Nn,KHH,,, Si,H,{H,,) . 
Na^HKH 50(//..X(//.,). SW,(OW„)//„ff,.. Mg,H,H,,H,,H,„ 

{Sni.\{H,X^ KH,0(H,,\H^, i<HmA»^^ ^,0////,.. 
NaKHO,H,„ NnOHNaO, HNO,0,H^, Rb{H„)^, 5/,//„//„. KNO,{H,,) , 

2 0 Si,OH,^, {SiH,\{H,,\, ^°A(S'"X^iH{li>.\. X is other element, and the 
hydrogen contcnl H of the compound comprises at least one increased 
binding energy hydrogen. 

The compound may have the formula MX wherein M is positive 
neutral, or negative such as H,JI, H,,H„ H,Ji,„ OH,,. 0H,„ OH,,, 
MsH,H,,; NaH,H,„ H,,H,0, CNH,„ CH^, SiH,H,,. 5,7/.(//J,. (//J^. H^, 

ShH,n„, 5.7/,(//„),. CH^, NH^, W/i^, NHH,,. OH,,. H,0H,,. FH«. 

SiH,H^. Si(W,*),//.s. Si(H,,\, Si,H,{H,X, Si,H,(H,X 
{SifQM,. 0,iH,,\, SiH,{H,,X. NOH^, 0,H„, HONH^, 0,W^, H,ONH^, H,0,ff,.. 
ShHAHn),- Si,H,iH^X, {SiH^lH,,. 

ShlU">.h Si,H,iH,,\. {SiH,\{H,,\. (SiH,\[H^\. 

NaOSlH,{H,X N-f^HHn- Si,H,iH,,), Si,H,{H,,X. Si,H,,{H„\. 
iS't^.Vl,.. (Sin,m.)y Na,OSiH,{H„)^. Si,H,{H,,\. Na,KH H„. 
Na^HKHH^. SO[H^\iH,,). S//,{OW„)//..//^, 50{H.,),. Mg,H,H„H,,H^, 

{SiHX{H,,l, KH,0(H,,\H^, W/,0(«„),H^. K{OH„)H^H,,. K,OH H,,, 
NaKHO,H^, NaOHNaO,H„, HNO,0,H^, Rb{H^\, Si,H„H^, KNO,{H^) . 
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^SO/V. {S.V.,),(«J,. /..,0,(5,7/,).„5./(«.,),. X is a„ incrcid Llg energy 
hydrogen compound, and .he hydrogen con.en, H of ,he compound 
compr.ses a. leas, one increased binding energy hydrogen 

Ihe compound may have ,he formula M{H,1 wherein n is an 
mtcger. x is an integer from 8 to 12. M is other <.lA,n<.„. u 
.o.ecu.e. or compound. a„d .e M^oge^^ n:^.! ^L^^^^^^^^ 
comprises a, leas, one increased binding energy hydrogen species 
The compound tnay have .he formula wherein n is an 

1 0 ,n,eger. x ,s an integer from 8 lo 12. M is an increased h;nH:„ 

Hydrogen compound, and ,he hydrogen con.en. T^^f ^L^o^fa 

The compound may have .he formula wherein „ is an 

1 5 alk h, orgamc. organometalic. inorganic, or ammonium cation and ,he 

ycrogen content of the expound composes at leasr^ne Increased 

binding energy hydrogen species. 

The compound may have .he formula M'(/0; wherein „ is a„ 
integer, x ,s an integer from 14 to 18. M is an increased binding ener.v 
20 hydrogen compound, and the hydrogen content K); of ittompouT 
compr^s at least one increased binding energy hydrogen species 
Ihe compound may have the formula A^C/O/wherein n Ts a„ 
HUegcr. X IS an integer from 14 lo 18 M ic i 
.cm. molecule, or. compound, and ^ ^ 

ZZZT " ^"^^"^^^ '-'-^"^ encrg/ "hydrogen 

The compound may have .he formula wherein n is an 

integer, x is an integer from 14 tn IR m » • " 

hydrogen compoundNnd the J^nl^ ^IZ^^ 
3 0 compr.es a. least one increased binding energy hydrogen species. 

The compound may have the formula M{lQ wherein n is an 
.ntcger. x is an integer from 22 to 26. M is other "element such as any 
atom, molecule, or compound, and the hydrogen content (" of .be 

3 5 IZZ"' '^^"^•"^ energy' "hydrogen 
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The compound may have the formula M(H,) wherein n is an 

hvdfol; ' ^1 " "'T ^" '"^^^^^^^ ^ind-S energy 

hydrogen compound, and .he hydrogen con.en. of .he ccnpound 

comprises a, leas, one increased binding energy hydrogen species 
The compound may have the formula M{H,) wherein n is an 
integer, x is an integer from 58 to 62. M is other element such as any 
a.om. molecule, or compound, and the hydrogen content (H ) of the 
compound comprises at least one increased binding energy' 'hydrogen 

The compound may have the formula A^(H,) wherein „ is an 
integer, x is an integer from 58 to 62. M is ai» incased binding energy 
hydrogen compound, and the hydrogen content (//J. of the compound' 
comprises at leas, one increased binding energy hydrogen species 
The compound may have the formula wherein n is an 

1 5 integer, x is an integer from 68 to 72. M is' other "clctnent such as any 

atom, molecule, or compound, and the hydrogen content (// ) of the 

species"'' " '""""'"^ ^'""^'""^ ""^^^y ''y^^^g^^" 

The compound may have the formula A/(//J wherein n is an 

2 0 integer, x is an in.cger from 68 to 72. M is an increased binding enerEV 

hydrogen compound, and the hydrogen content (//.) of the cZ^n' 
comprises a, least one increased binding energy hydrogen species. 

ihe compound may have the formula M{U^X{H^),{fK){Hy)[ff,) 
wherein q. r. s. t. and u are each an integer including zlro'but'noi 111 ^ero 

2 5 X ts an integer from 8 to 12. x' is an integer from 14 to 18. y is a„ integer' 

from 22 to 26. y' is an integer from 58 to 62. z is an integer from 68 to 
72. M .s other element such as any atom, molecule, or compound the 

fJ/rrrW/Z^TL U»r"';'K" ^^^^ ^^^^^een cogent 

of the compound comprises at least one increased 

3 0 binding energy hydrogen species. 

The compound may have the formula '^{».\{N,.1{h^){h^){h,) 
wherein q. r. s. t. and u are each an integer including zero but'not all zero 

72. M .s an increased binding energy hydrogen compound, the monomers 
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(^'■l(^/,.),(//Jj/A.),(/yJ. of .he compound co.pri.es a. lens, one increased 
binding energy hydrogen species 

5 .ore To* "sir.:: r." ^^^^-^^ - - 

jmegers. the compound contains a, .cast one H. and .he hydrogen con.cn. 
HoMhe^ compound comprises a. leas, one increased binding eLgy^"'^"' 

more '''' ""^ '^'^''''^ ^«-P"^i"8 one or 

more monon,ers ,n any order selected from the group comprisL 

n. n, m, m, p. q, r. s. and ( are iniegers, M M' and M" -^ro u . 
» d X are . „„e,y d„„b„ „o£„ive charged a„i„„, compound 

and u a„ «ch a„ i„,egcr. M. M' a„<, M" a,. «cb a„ atoli „, „k„i„' ' 

*nK„, X and X are a s.ngl, or doubly negaUvc charged anion ,he 
mpo«„d oo»„i„s a, .eas. on. H. ,hc Mrogen con.en, „ of te 
compound comprise, a, le.s. .„c increased binding energy hydrogen 



30 

species. 



n.ore ^no^r 'Z'X Zc erj.; .T " """"'''"^ 
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[MIL]:- '>^'m'h;,[khkohiikh,koh^kn 

'^"i"^\MA"2,)A»M"^o). wherein n. n\ m. m\ p. q. r. s. t. q\ r'. s*. C. 
and „ are each an integer. M. W and M" are each an alkali or alkallnl 
earth, organic, organomc.ahc. inorganic, or ammonium cation M'" is an 
5 increased binding energy, hydrogen compound. X and X" are a singly or 
doubly negative charged anion. ,hc compound contains a, least one H and 
.he hydrogen con.ent H of the compound comprises a. least one increased 
binding energy hydrogen species. 

The polymer compound may have Ihe formula comprising one or 
10 '"o;; "monomers in any order selected from the group comprising 
fa{fCH„KCO,l[KH^KNO,\' nX-{KHKNO,] 

[MH^l n'M' M'H;,{KHKOli]XKH,K0Hl\K»K!ICO,] [kHCO,] [k,CO ] 
^"(«.),(W.),K).(//,0.('O. wherein n. n". m. m". p. r. s. t. q". r" s'. f. and " 
u are each an integer, x is an integer from 8 to 12. x" is an integer from 14 
to 18. y ,s an integer from 22 to 26. y is a„ i„,egcr from 58 to 62, z is an 
integer from 68 to 72. M. M" and M" are each an alkali or alkaline earth 
organic, organometalic. inorganic, or ammonium cation. M'" i. other ' 
element. X and X' are a singly or doubly negative charged anion, the 
20 compound contains at least one H. and the hydrogen content H of the 
compound comprises at least one increased binding energy hydrogen 
species. 

The polymer compound may have the formula comprising one or 

0. n!ir,7''"'""?r '"^ '''^^ '^'""'"^ comprising • 

2 5 \MHX\MSfH„\\Kli„KCO,l[KH^KNO,\ nX'{KHKNO,] 

[KHKOHl[MH^M-Xl[MH„^fxX^ n'X-[MH^I^xt 'fl^-\MH p ri X' 
[MUX '^•f'f''^^fr,dKHKOH]XKH,KOH]XKHKHCO,]\KHCO,][Kio^^ 
^"(«J,(/^.Uw,)j«,},(//,). wherein n. n'. m. m\ p. q. r. s. t. q', r'.'s'. f. and 
u are each an integer, x is an integer from 8 to 12. x' is an integer from 14 
to 18. y .s an integer from 22 to 26. y' is an integer from 58 to 62. z is an 
integer from 68 to 72. M. M< and M" are each an alkali or alkaline earth, 
organic, organometalic, inorganic, or ammonium cation, M'" is an 
increased binding energy hydrogen compound. X and X' arc a singly or 
doubly negative charged anion, the compound contains at least one H and 
the hydrogen content H of the compound comprises at least one increased 
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binding energy hydrogen species. 

The polymer compound may have ihc formula comprising one oi 
more monomers in any order selected from ihe group comprising 

wherein n. n\ m. m\ p. r, s. l, q\ r\ s\ x\ and 
u are each an integer, x is an integer from 8 to 12, is an integer from 14 
to 18. y is an integer from 22 to 26, y' is an integer from 58 to 62, z is an 

1 0 integer from 68 to 72, M, M' and M" are each a metal such as a transition 
meial» inner transition metal, tin, boron, or a rare earth, lamhanide, an 
alkali or alkaline earth, organic, organometalic, inorganic, or ammonium 
cation, M"* is other element, X and X' are a singly or doubly negative 
charged anion, the compound contains at least one H, and the hydrogen 

1 5 content H of the compound comprises at least one increased binding 
energy hydrogen species. 

The polymer compound may have the formula comprising one or 
more monomers in any order selected from the group comprising 
(MHj j AfAf W„ l\KH^KCOX [KH^KNOX nr[KHKNO, 

^'^(^^J,{/^vU^r),(^A),(^/J„ wherein n, n, m. m', p, q. r, s, t, q\ r', s\ i\ and 
u arc each an integer, x is an integer from 8 to 12, x' is an integer from 14 
to 18, y is an integer from 22 to 26, y' is an integer from 58 to 62, z is an 

25 integer from 68 to 72. M, M* and are each a metal such as a transition 
metal, inner transition metal, tin, boron, or a rare earth, lanthanide, an 
alkali or alkaline earth, organic, organometalic. inorganic, or ammonium 
cation, M"' is an increased binding energy hydrogen compound. X and X" 
arc a singly or doubly negative charged anion, the compound contains at 

30 least one H, and the hydrogen content H of the compound comprises at 
least one increased binding energy hydrogen species. 

The polymer compound may have the formula Si,H^(H^^)^ wherein x 
is an integer, y is an integer from 2x+2 to 4x, z is an integer, and the 
hydrogen content H of Ihe compound comprises at least one increased 

3 5 binding energy hydrogen species. 
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The polymers described herein can be formulaicd to any desired 
. molecular weiglu for the pariicular application. Examples of suiiable 
number average molecular weights include from about 3 up lo about 
\X\0\ Polymers based primarily on hydrinos usually have a molecular 
5 weight lowards the lower molecular weight range, while polymers 

conlaining heavy elements such as silicon usually have higher molecular 
weights. 

Examples of singly negative charged anions of the increased binding 
energy hydrogen compounds disclosed herein include but are not limited 
I 0 to halogen ions, hydroxide ion, dihydrogen phosphate ion, hydrogen 
carbonate ion, and nitrate ion. Examples of doubly negative charged 
anions of the increased binding energy hydrogen compounds disclosed 
herein include but are not limited to carbonate ion, oxides, phosphates, 
hydrogen phosphates, and sulfate ion. 

1 5 Applications of the compounds include use in batteries, fuel cells, 

culling materials, light weight high strength structural materials and 
synthetic fibers, corrosion resistant coalings, heai rcsistam coatings, 
xerographic compounds, proton source, photoluminescent compounds, 
phosphors for lighting, photoconductors, phoiovohaics, chemiiuminescent 

2 0 compounds, fluorescent compounds, optical coatings* optical filters, 

extreme ultraviolet laser media, fiber optic cables, magnets and magnetic 
computer storage media, superconductors, and etching agents, masking 
agents, agents to purify silicon, dopants in semiconductor fabrication, 
cathodes for thermionic generators, fuels, explosives, and propellants. 

2 5 Increased binding energy hydrogen compounds are useful in chemical 

synthetic processing methods and refining methods. The increased 
binding energy hydrogen ion and the increased binding energy hydrogen 
molecular ion have application as the negative ion of the electrolyte of a 
high voltage electrolytic cell. The seleclivily of increased binding energy 

3 0 hydrogen species in forming bonds with specific isotopes provides a 

means to purify desired isotopes of elements. 

Alkali halides are known to be transparent to infrared radiation. A 
colored increased binding energy compound comprising an alkali or 
alkaline earth halidc and at least one increased binding energy hydrogen 
3 5 species such as a hydrino hydride ion may be a medium lo oplieally 
amplify infrared signals such as telecommunications signals. Two 
exemplary compounds arc blue crystals of KHI and magenta crystals of 
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Kna. In anolhcr cmbodimcnl of a colored compound to amplify infrared 
lighi, F centers color the compound. F centers may be formed in an 
uncolored compound during the catalysis of hydrogen in the presence of 
the compound. The uncolored compound which is colored by formation of 
P centers may comprise an alkaline or alkaline earth halide. 

According lo another aspect of the invention, dihvdrinos can be 
produced by reacting protons with hydrino hydride ions, or by the 
thermal decomposition of hydrino hydride ions, or by the thermal or 
chemical decomposition of increa.sed binding energy hydrogen compounds 
For example, the hydrino hydride compound KH{\fp) or K{H{\/p)) / may 
react with a source of oxygen such as oxygen gas o.-- water to form 
dihydrino and potassium oxide wherein the hydrino hydride ion has a 
relatively low binding energy such as fr(]l7). 

2KH{\ n)uno,-^ //;[2c-= j-t- k,o ( 1 2) 

15 Aliernativcly. the hydrino hydride compound may be heated to release 
dihydrino by thermal decomposition. 

2A'//{l/2)-^//;[2c = ^-].2fr.„, (,3) 

In both cases, the dihydrino product may be analyzed by gas 
chromatography. 

20 A method is provided for preparing compounds comprising at least 

one increased binding energy hydride ion. Such compounds are 
hereinafter referred to as "hydrino hydride compounds". The method 
comprises reacting atomic hydrogen with a catalyst having a net enthalpy 
of reaction of about -■'11 eV, where m is" an integer greater than 1. 

2 5 preferably an integer less than 400, to produce an increased binding 

energy hydrogen atom having a binding energy of about liil^ where p 

(p) 

IS an integer, preferably an integer from 2 to 200. A farther product of 
the catalysis is energy. The increased binding energy hydrogen atom can 
be reacted with an electron source, to produce an increased binding 

3 0 energy hydride ion. The increased binding energy hydride ion can be 

reacted with one or more caUons to produce a compound comprising at 
least one increased binding energy hydride ion. 
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The invention is niso directed to a reactor for producing increased 
binding energy hydrogen compounds of the invention, such as hydrino 
hydride compounds, A further product of the catalysis is energy. Such a 
reactor is hereinafter referred to as a "hydrino hydride reactor". The 
5 hydrino hydride reactor comprises a cell for making hydrinos and an 
electron source. The reactor produces hydride ions having the binding 
energy of Eq. (10). The cell for making hydrinos may take the form of an 
electrolytic cell, a gas cell, a gas discharge cclK or a plasma torch cell, for 
example. Each of these cells comprises: a source of atomic hydrogen; at 

1 0 least one of a solid, molten, liquid, or gaseous catalyst for making 

hydrinos; and a vessel for reacting hydrogen and the catalyst for making 
hydrinos. As used herein and as contemplated by the subject invention, 
the term "hydrogen", unless specified otherwise, includes not only 
proieum but also deuterium CH) and tritium CH). Electrons from 

15 the electron source coniaci the hydrinos and react to form hydrino 
hydride ions. 

The reactors described herein as "hydrino hydride reactors" are 
capable of producing noi only hydrino hydride ions and compounds, but 
also the other increased binding energy hydrogen compounds of the 
20 present invention. Hence, the designation 'hydrino hydride reactors" 

should not be understood as being limiting with respect to the nature of 
the increased binding energy hydrogen compound produced. 

According to one aspect of the present invention, novel compounds 
arc formed from hydrino hydride ions and cations. In the electrolytic 

2 5 cell, the cation may be cither an oxidized species of the material of the 

cell cathode or anode, a cation of an added reductani, or a cation of the 
electrolyte (such as a cation comprising the catalyst). The cation of the 
electrolyte may be a cation of the catalyst. In the gas cell, the cation can 
be an oxidized species of the material of the cell, a cation comprising the 

3 0 molecular hydrogen dissociation material which produces atomic 

hydrogen, a cation comprising an added reductant, or a cation present in 
the cell (such as a cation comprising the catalyst). In the discharge cell, 
the cation can be an oxidized species of the material of the cathode or 
anode, a cation of an added reductant, or a cation present in the cell (such 
3 5 as a cation comprising the catalyst). In the plasma torch cell, the cation 
can be either an oxidized species of the material of the cell, a cation of an 
added reductant, or a cation present in the cell (such as a cation 
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comprising the catalysi). 



30 



Catalysts 

A catalyst of the present invention can be an increased binding 
energy hydrogen compound having a net enthalpy of reaction of about 
Y 27^V, where m is an integer greater than 1. preferably an integer less 
than 400, to produce an increased binding energy hydrogen aiom having 
a binding energy of about ^^^^^ P is an integer, preferably an 



1 0 integer from 2 to 200. 



/ Electron Transfer fOne Species^ 

fn another embodiment, a caialytic system is provided by the 
ionization of t electrons from a participating species such as an atom, an 

1 5 ion, a molecule, and an ionic or molecular compound to a continuum 
energy level such that the sum of the ionization energies of the / 
electrons is approximately mXn.leV where m is an integer One such 
catalytic system involves cesium. The first and second ionization energies 
of cesium are 3.89390 cV and 23,15745 ^V, respectively [David R. Linde, CRC 

20 Handbook of Chemistry and Physics, 74 th Edition, CRC Press, Boca Raton, 
Florida, (1993), p. 10-2071. The double ionization (/ = 2) reaction of Cs to 
Cs^\ then, has a net enthalpy of reaction of 27.05135 <rV^ which is 
equivalent to m-\ in Eq. (2). 



2 5 27.05135 rV + a(m)+ ^ 2^" + 4(^+0]"^'^^"^ 1^13.6 



eV 



(14) 



Cs^*^2e- -> Cc(^i) + 27 .05135 eV (15) 
And, the overall reaction is 

Thermal energies may broaden the enthalpy of reaction. The relationship 
between kinetic energy and temperature is given by 
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^w,v=|^'7^ (!7) 

For a lempcracurc of 1200 K, the ihermal energy is 0.16 eV, and ihe 
nel enthalpy of reaciion- provided by cesium ineial is 27.21 eV which is 
an exact match lo the desired energy. 
5 Hydrogen catalysts capable of providing a nci enthalpy of reaction 

of approximately wX27.2eV where m is an integer to produce hydrino 
whereby / electrons are ionized from an atom or ion arc given infra. A 
further product of the catalysis is energy. The atoms or ions given in the 
first column arc ionized to provide the net enthalpy of reaciion of 

iO /nX27.2^V given in the tenth column where m is given in the eleventh 
column. The electrons which are ionized are given with the ionization 
potential (also called ionization energy or binding energy). The ionization 
potential of the ^tth electron of the atom or ion is designated by IP^ and is 
given by David R. Linde, CRC Handbook of Chemistry and Physics, 78 Ih 

15 Edition, CRC Press, Boca Raton. Florida, (1997), p. 10-214 to 10-216 which 
is herein incorporated by reference. That is for example, 
a + 3.89390 eV-»CV+(!" and Cj* +23,15745 eV Cj'* +e\ The first ionization 
potential, = 3.89390 eK, and the second ionization potential, 
//^j =23.15745 cV, are given in the second and third columns, respectively. 

2 0 The net enthalpy of reaction for the double ionization of C5 is 27.05135 

as given in the tenth column, and m ^ 1 in Eq. (2) as given in the eleventh 
column. 
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Catalyst 


tPl 




iP3 


IP4 


IPS 


IP6 


IP7 


Li 


&.39 17? 














Be 
















l\ 


9. J4UDt) 


3 1 .63 


45.806 










Km 


D. 1 1 J f b 


11.6717 


50.9 131 


67.27 








Ti 


6.0282 




27.4917 


43.267 


99.3 






V 


o . / ** P J 


t A fm. 

1 *I.OQ 


29.31 1 


46.709 


65.2817 






Cf 






30,96 










Mn 


/ .4%34U£ 


1 5-64 


33.668 


51.2 








Fe 




16.1 878 


30.652 










Fe 




1 O. 1 O /b 


30.652 


54.8 








Pa 


/ .Of] 1 


1 7.083 


33.5 


51.3 








\jO 


7.681 


17.083 


33.5 


51.3 


79.5 






iMl 


7.6398 


16.1688 


35.19 


54.9 


76.06 






Mi 


7.639S 


18.1688 


35.19 


54.9 


76.06 


108 






7.7263B 


20.2924 












2n 


9.39405 


17.9644 












Zo 


9.39405 


17.9644 


39.723 


59.4 


82.5 


108 


134 


As 


9.8152 


16.G33 


28.351 


50.13 


G2.63 


127.6 




So 


9.7S23S 


21.19 


30.8204 


42.945 


68.3 


81.7 


155.4 


Kr 


13.9996 


24.3599 


36.95 


52.5 


64.7 


78.5 


Kr 


13.9996 


24.3599 


36.95 


52.5 


64.7 


78.5 


1 1 1 


R> 


4.17713 


27.28S 


40 


52.6 


71 


84.4 


99.2 


Pb 


4.17713 


27.285 


40 


52.6 


71 


84.4 


99.2 


Sr 


5.69484 


11.0301 


42.89 


57 


71.6 








6.75885 


14.32 


25.04 


38.3 


50.55 






Mo 


7.09243 


16.16 


27.13 


46.4 


54.49 


68.8276 




Mo 


7,09243 


16.16 


27.13 


46.4 


54.49 


68.8276 


125,664 


Pd 


0.3369 


19.43 












Sn 


7.34381 


14.6323 


30.5026 


40.735 


72.28 






Te 


9.0096 


18.6 












To 


9.0096 


18.6 


27.96 










Cs 


3.8939 


23.1575 












Ce 


5.5387 


10.85 


20.198 


36.758 


65.55 






Ce 


5.5387 


10.85 


20.198 


36.758 


65.56 


77.6 




Pf 


5.464 


10.55 


21.624 


38.98 


57.53 






Sm 


5.6437 


11.07 


23.4 


41.4 








Gd 


6.15 


12.09 


20.63 


44 








Oy 


5.9389 


11.67 


22.0 


41.47 








Pb 


7.41666 


15.0322 


31.9373 










Pt 


0.9587 


18.563 












He+ 




54.4178 












Rbi- 




27.285 












Fe3+ 








54.8 








Mo2+ 






27.13 




















54.49 






lo3+ 








54 









1P8 Enlhaipy m 



174 



136 



143.6 



81.032 
27.534 
81.777 
136.17 
190.46 
162.71 
54.212 
107.94 
54.742 
109.64 
109.76 
189.26 
191.96 
299.96 
28.019 
27.358 
625.08 
297.16 
410.11 
271.01 
382.01 
378.66 
514.66 
188.21 
134.97 
151.27 
489.36 
27.767 
165.49 
27.61 
55.57 
27.051 
13.8.89 
216.49 
134.15 
81.514 
82.87 
81.879 
54.386 
27.522 
54.418 
27.285 
54.8 
27.13 
54.49 
54 



3 
1 

3 
5 
7 
6 
2 
A 
2 
4 
4 
7 
7 
1 1 
1 
1 

23 
1 1 
15 
10 
14 
1 4 
19 
7 
5 
8 
18 
1 
6 
1 
2 
1 
5 
8 
5 
3 
3 
3 
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. In another embodi.nen,. a ca.aly.ic sys.cm .ransfcrs an elec.ron to 
a vacuo, energy ,evc, fron, each of .wo speces selected fro. „ e e of 
a on, .on. or .o.ecu.e .uch tha, ,he su. of .he ionizaUon energies 1 the 
5 P rt.c,pat.no a.o.s. ions, aad/or .olecules is approximately 'xilLv 
where ,„ ,s au integer. One such catalytic system involves cesium The 
first and second ionization energies of cesium are 3.89390 eV and " 

to c"-'!;'?"'"''- '''^ ^^^'^•'""^ Cs' 

IOCS , then, has a net enthalpy of reaction of 27.05135 .V. which is 

10 equivalent to m= I in Eq. (2). 



I 5 



20 



Cs' + a" a + O' + 27.05 135 eV [HI 
. Ihc overall reaction is ^ ' 



"[p]-'fe]'"'-»'~''l''"«v 



(20) 



25 



Hydrogen catalysts capable of providing a net enthalpy of reaction 
of approx.mately 27.2 .V to produce hydrino whereby each of two 
or .ons are oxidized are given infra. The atoms or ions in .he .Vs. a d 
fourth colutnns are oxidized to provide the net enthalpy of reactioL The 
n«.nber .„ ,he column following .he atom or .on. (n).7s the nth io'izaUon 
energy of the atom or ion. That is for example. 3.89390 eV _ c,' le 
and 0..23.,5745..-.a'-..-. The net enthalpy of reaction for ^xid .ion 
of Cs and ,s 27.05135CV as given in the seventh column 
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I 5 



Atom or Ion 
Oxidized 


Ionization 


n Ih 

Ionization 
Energy (eV) 


Soocnd 
Atom Of Ion 
Oxidized 


n Ih 

Ionization 


11 III 

Ionization 
Enorciv (eV 


Ne! 

dllllaipy 

o{ Catatv<if 
(eV) 


Li 


1 


5.39172 




2 


23.15745 


-J 1 

28.54917 


Na 


1 


5.13908 


Cs' 


2 


23-15745 


28,29653 


K 


1 


4.34066 


Cs 


2 


23.15745 


27.4981 1 


Rb 


1 


4.17713 


Cs' 


2 


23-15745 


27 334Sfl 


Cs 




3.89390 


Cs' 


2 


23.15745 


27.05135 


Ba 




5.21170 


Cs* 


2 


23.15745 


i:o,3o91 5 


Ft 




4,0727 


Cs* 


2 


23.15745 


27.23015 


Ra 




5.27892 


Cs' 


2 


23.15745 


28,43637 


Ac 




5.17 


Cs' 


2 


23.15745 


28.32745 


0 




13.61806 


0 


1 


13-61806 


27.23612 


H 




13.59844 


0 


\ 


13.61806 


27.2165 


H 




13.59844 


u 


t 


13.59844 


27.19688 


Single Electron Transfer fMultiple. 5^pprjf>^> 





A catalysis is provided by (he transfer of an electron between 
participating species including atoms, ions, molecules, and ionic and 
molecular compounds. In one embodiment, the transfer of an electron 
from one species to another species provides a net enthalpy of reaction 
whereby the sum of the ionization energy of the electron donating species 
minus (he ionization energy or electron affinity of the elecuon accepting 
species equals approximately mXll.leV where m is an integer. 

Single Electron Transfer (Two Species V. \ in Eg. (21 

One such catalytic system involves calcium and cesium. The (bird 
ionization energy of calcium is 50.913) eV; and Cs^^ releases 23.15745 
when it is reduced to Cs\ The combination of reactions Co"' to Ca^^ and 
Cy'* lo Cs\ ihcn» has a net enthalpy of reaction of 27.75565 eV. which is 
equivalent to w = I in Eq. (2). 

27.75565 «V + Gi'"+0'* + 



(21) 
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I 0 



The overall reaction is 



O'* + Cfl'* + 27.75565 eV 



(22) 



(23) 

Hydrogen catalysts capable of providing a net enthalpy of reaciion 
of approximately 27.2 eV to produce hydrino whereby an electron is 
transferred from one species to a second species are given infra. The 
atom or ion in the first cohima is oxidized, and the atom or ion in the 
fourth column is reduced to provide the net enthalpy of reaction. The 
number in the column following the atom or ion. (n). is the nth ionization 
energy of the atom or ion. That is for example, Co" +50.9131 Ca" +<" 
and a'-+t-->a*+21.15745el/. The net enthalpy of reaction for an 
electron transfer from C«'' to Cs" is 27.16 eV as given in the seventh 
column. 



1 5 



20 



Atom or Ion 
Oxidized 


n th 

Ionization 


n th 

Ionization 
Energy (eV) 


Atonn Of Ion 
Reducjed 


n th 

Ionization 


n th 

Ionization 
Energy (eV; 


Net 

Enthalpy 
of Reaction 
of Catalyst 
(eV) 




3 


50.9131 




2 


23.15745 


27.75665 


Mil'' 


4 


51.2 


Cs'^ 


2 


23.15745 


28.04 


As'' 


4 


50.13 


Cs'^ 


2 


23.15745 


26.97255 




5 


50.55 


Cs'* 


2 


23 15745 


27.39255 


La'* 


4 


49.95 


Cs'' 


2 


23.15746 


26.79255 



Single Electron Tran.s fer (Two .<;peciesV. m = 2 in Eg. (? ) 

One such catalytic system involves magnesium and europium. The 
third ionization energy of magnesium is 80.143 ^V. and the second 
ionization energy of europium is 24.9 eV. The combination of reactions 
Ms'* to Afg>' and to Eu^\ then, has a net enthalpy of reaction of 
55.2 eV, which is equivalent to m = 2 in Eq. (2). 

55.2 eV + W,- + + /|^J _ Mg- H- + «[^]+ Hp - p^]X 13.6 eV 



Mg" + + £«'• + 55.2 eV 



(24) 
(25) 
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15 



20 



The overall rcaciion is 



+ |{p + 2)'-p')xi3.6eK 



(26) 



1 0 



Hydrogen catalysts capable of providing a „et emhalnv 
of approximately 54... ,o produce Ldrino'whereby^a f^^^^^^^^^ 
transferred from one ion to another are given ,nfra Z 7 
.he firs. co,.nn are ox.dt.ed ..ile tHe LZ TL^^ZI coT ^" 
are reduced ,o provide the net enthalpy of reaction L T ■ 
colu,n„ following the atom or ion (n) is he n h • ' 
atom or .on That is for example. A/.'' .80.143 .V ^^^ 'e a„d 

- .24.9. V. The net enthalpy of reaction for oxidation of A/,- 
and the reduction of i< o i/ • - ^'^-uon oi Mg 

ol £„ ,s 55.2 .V as g.vcn ,n the seventh column. 



Atom or Ion 
Oxidized 



n th 

ionization 



El 



n th 

ionization 
Energy (eV) 



80.143 



80.143 



80,143 



80.143 



80.143 



41.50 



Atom or Ion 
Reduced 



$c 



.3* 



n th 

Ionization 



n !h 

Ionization 
Energy (eV 



27.76 



25.04 



25.3 



24.9 



25.03 



25.56 



Net 

Enthalpy 
of Reaction 
of Catalyst 
(eV) 



55.38 



54.7 



54.8 



55.2 



55.1 



54.58 



T„a„,om hyd,m« hydride may be ,„ cKcclive c.,alys, therein n" 
sj.,e acv. specie. F„„„e™„,e. ,u,„i.™ hydri.„ k,J,. ^^^i^' 
«d may serve as a g,seo»s „a„si,i„n ea.alys,. Ti,a„i„m is .vlln " 

hydnno hydride ions may stabilize the 2+ . ^ 

M.aai.n. <„, hydriao hy'drideXo^nd^r^lw^fand 

""'""'("'h'T']]. ' " - -«.c, g„a,e"„a„ ,. p.efe,aMy 

from 2 to 200. Titanium (11) is a catalyst because ,h. a ■ ■ • 

energy is 27.49 .V. m = , i„ Eq (2) Thus he clT 

i-q. izj. imis. the catalysis cascade for the p th 
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cycle is represented by 



27.491 eV.Ti- . «[^]- ri" .c' + _ ^ ^^^^ 



And. the overall reaction is 

(29) 



10 where p is an integer greater than 1, preferably from 2 lo 200. 

Titanium hydrino hydride may be combined with another element 
«o increase the effectiveness of the catalyst when r/'* is the active 
species. Exemplary (Itanium (II) hydrino hydride compounds are 
TiH{\/p)^MX, TiH(Upl^n; 2c-=^'^ MX, TiH{\l p^MXH^. and 

15 TiH(Hp\\H\ 2c- jiifx//. where p is an integer greater than 1. 

preferably from 2 to 200. « is an integer, preferably from 1 to 100. M is 
an alkaline, alkaline earth, transition metal, inner transition metal, or rare 
earth cation. X is an anion such as halogen ions, hydroxide ion. hydrogen 
carbonate ion, nitrate ion. carbonate ion. oxides, phosphates, hydrogen 
20 phosphates, and sulfate ion. and // is at least one increased binding 
energy hydrogen species, and may optionally comprise at least one 
ordinary hydrogen species in the case of multiple U. Preferably, the 
more effective titanium hydrino hydride catalyst is TiH{\ I pVNlo' ox 
TiH{\l p)^NiOH^. 

2 5 Silver hydrino hydride may be an effective catalyst wherein Ag^* 

and Ag'- are the active species. Furthermore, silver hydrino hydride may 
be volatile and may serve as a gaseous transition catalyst. Silver is 
typically in a 1+ oxidation state. Increased binding energy hydrogen 
species such as hydrino hydride ions may stabilize the 2+ oxidation state. 

JO Exemplary silver (H) hydrino hydride compounds arc AgH{\l p\ and 

/ls//(l/p),^/f,|2c'=:!^jj^ where p is an integer greater than 1, preferably 
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from 2 10 200. Silver mny be a catalytic system because the third 
.on.za.ion energy of silver is 34.83 and Ag' releases 7.58 .V when it is 
reduced to Ag. The combination of reactions Ag" to Ag'- nnd Ag' to Ag 
then, has a net enthalpy of reaction of 27.25. V. which is equivalent to 
w = l in Eq. (2). 

27.25.V.V-^.i.-.//[^]-..,.V-./{^].K,.,)'-,',;,,3.6.v (30) 

+ V ^V+>ig* +27.25 cV (3, J 

The overall reaction is 

where p is an integer greater than 1. preferably from 2 to 200. 

Nickel hydrino hydride may be an effective catalyst wherein N,'^ 
and M* arc the active species. Furthermore, nickel hydrmo hydride may 
be volatile and may serve as a gaseous transition catalyst. Nickel is 
typically in a 2+ oxidation state. Increased binding energy hydrogen 
15 speces such as hydrino hydride ions may stabilize the 1+ oxidation state 
An exemplary nickel (I) hydrino hydride compounds is NiH{l/p) where p 
is an integer greater than 1, preferably from 2 to 200. Nickel may be a 
catalytic system because the third ionization energy of nickel is 35 17eV 
and Nr releases 7.64 .V when it is reduced to Ni. The combination of 
2 0 reactions to M" and Ni' to M. then, has a net enthalpy of reaction of 
27.53 eV^ which is equivalent to m = I ia Eq. (2). 

27.53 ...M- .M. . H[e^]^ Ni>' . /.[^_^].Kp. -p'] . .3.0 .V (33) 

Ni'' + Ni ~* Ni'^ + Ni* +27.53 eV (34) 
The overall reaction is 

where p is an integer greater than I. preferably from 2 to 200. 

In the case that titanium, silver, or nickel metal is present in the 
cell and may be used as .the dissociator to provide atomic hydrogen, the 
titanium, silver, or nickel hydrino hydride catalyst may have an 
accelerating catalytic rate wherein the product of catalysis, hydrino. may 
react with the titanium, silver, or nickel metal to produce further 
titanium, silver, or nickel hydrino hydride catalyst. A method to start the 
process is to add a catalyst such as KI, K,CO,. or Rb,CO, to the cell to 
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catalyze chc initial formation of liinnium, silver, or nickel hydrino 
hydride. Alternatively, some litanium. silver, or nickel hydrino hydride 
n.ay be added to the cell or generated by reacting the titanium, silver or 

solution of K,COy and W,0, or an aqueous solution of Rb^CO, and H,0,. 

An exemplary method to generate a hydrogen catalyst compris.nR 
hydrino hydride ions is to treat a litanium hydrogen dissociator with 
about 0.6 M K,CO,nO% H,0, to form ihc hydrogen catalyst r,7/{,/X 
Titanium hydrino hydride may form by a titanium peroxide interm'cdiatc 
The potassium ions present may catalyze the formation of hydrinos from 
hydrogen atoms formed by the decomposition of H,0,. The hydrinos may 
react with titanium to form litanium hydrino hydride. In the case of a 
gas cell hydrino hydride reactor with Kl catalyst, for example and 
hydrogen flow, potassium hydrino hydride may form with the loss of 
I 5 .odtne from the cell. Potassium hydrino hydr.de may react with ,i,a„i»m 
metal to form litanium hydritio hydride and potassium metal. In the case 
of a K,CO, catalyst, carbon dioxide and oxygen may be lost from the cell 
with the formation of polassium mctai. 

A further exemplary method to generate a hydrogen catalyst 
compnsmg hydrino hydride ions is lo treat a titanium hydrogen' 
d.ssocator with about 0.6 M Rb,CO,l\0% lo form the hydrogen 

catalyst liH{\fp\. Titanium hydrino hydride may form by a titanium 
peroxide intermediate. The rubidium ions present may catalyse the 
formation of hydrinos from hydrogen atoms formed by the decomposition 
ot Hfi,. The hydrinos may react with titanium to form titanium hydrino 
hydride. In the case of a gas cell hydrino hydride reactor with RbJ 
catalyst, for example, and hydrogen now. rubidium hydrino hydride may 
form with the loss of iodine from the cell. Rubidium hydrino hydride 
may react with titanium metal to form titanium hydrino hydride and 
30 rubidium metal. In Ihe case of a Rb,CO, catalyst, carbon dioxide and 

oxygen may be lost from the cell with Ihe formation of rubidium metal. 

Cesium metal may catalyze the formation of hydrinos from 
hydrogen atoms. The hydrinos may react with titanium to form titanium 
hydrino hydride. For example, m the case of a gas cell hydrino hydride 
reactor with hydrogen flow and 0(w) catalyst formed for the 
decomposition of Cs^CO,, cesium hydrino hydride may form with the loss 
of carbonate from the cell as carbon dioxide and oxygen. Cesium hydrino 
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hydride may react with titanium metal to form titanium hydrino hydride 
and large amounts of cesium mcial. 

In another method to form hydrogen catalyst, titanium hydrino 
hydride, the formation 6f titanium hydrino hydride is initiated, by the 
presence of a titanium compound such as a titanium halide (for example 
TiCU), TiTe,, Ti,{SO,\. or TO, which may react with an increased binding 
energy hydrogen species to form titanium hydrino hydride in an 
operal.ng gas cell hydrino hydride reactor. The increased binding energy 
hydrogen species may form in the operating hydrino hydride reactor. 

Further examples of catalysis providing the catalytic reaction of Eos 
(3-5) IS increased binding energy hydrogen compound KU^ where n is an 
integer from one to 100 and increased binding energy hydrogen 
compounds KH,X where n is an integer from one to 100 // niay be an 
increased binding energy hydrogen species and X is a compound such as 

1 5 KHSO,, KHl, KHCO,, KHNO,, UNO,, KH,PO„ or KOH. in another embodiment. 

rubidium replaces potassium (e.g. RbHRbHCO, or RbHRbOH arc the 
hydrogen catalysts compri.sing an increased binding energy hydrogen 
species such as hydrino hydride ion). The hydrino hydride compounds 
which arc catalysts may be gaseous catalyst by operating a gas cell 
20 hydrino hydride reactor at an elevated temperature. 

A method to generate a hydrogen catalyst comprising a potassium 
or rubidium cation, an anion, and at least one increased binding energy 
hydrogen species such as a hydrino hydride ion is to treat a hydrogen 
dissociator such as nickel or titanium with an aqueous solution of about 

2 5 0.6 molar salt comprising at least a potassium or rubidium cation and the 

anion and 10% H,0, to form the hydrogen catalyst. Alternatively, a first 
hydrogen catalyst having an anion is used in a hydrino hydride reactor 
such that the catalyst compound reacts with an increased binding energy 
hydrogen species to form a second hydrogen catalyst comprising a 
30 potassium or rubidium cation, an anion, and at least one increased 

binding energy hydrogen species such as a hydrino hydride ion 
- Exemplary anions arc Oir, COj". IICO;, NO;, SOl', HSO;, POl'. UPO]- , and 
U^PO;. For example, a method to generate a hydrogen catalyst comprising 
at least one increased binding energy hydrogen species such as a hydrino 

3 5 hydride ion is to treat a hydrogen dissociator such as nickel or titanium 

with about 0.6 M K,CO,nO% H,0, to form a hydrogen catalyst comprising 
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poiassium and al Icasi one increased binding energy hydrogen species 
snch as KHKHCO^ or KHKOH. 

In an embodiment, the catalyst Rh^ according lo Eqs. (6 8) may be 
- formed from rubidium meial by ionization. The source of ionization may 
5 be UV light or a plasma. Al least one of a source of UV light and a plasma 
may be provided by the catalysis of hydrogen with a one or more 
hydrogen catalysts such as poiassium metal or ions. 

In an embodiment, the catalyst ATV according to Eqs. (3-5) may 
be formed from poiassium metal by iontAalion. The source of ionization 

1 0 may be UV light or a plasma. Al least one of a source of UV light and a 

plasma may be provided by the catalysis of hydrogen with a one or more 
hydrogen catalysis such as poiassium metal or K'' ions. 

In an embodiment, the catalyst Rh' according to Eqs. (6-8) or the 
caialysi K'/ K' according to Eqs. (3-5) may be formed by reaction of 

15 rubidium metal or potassium metal, respectively, with hydrogen to form 
the corresponding alkali hydride or by ionization al a hot filament which 
may also serve to dissociate molecular hydrogen to atomic hydrogen. The 
hot filament may be a refractory metal such as tungsten or molybdemim 
operated within a high lemperaiure range such as 1000 to 2800 ^C. 

^0 In an embodiment of the hydrino hydride reactor, a catalyst is 

selected such that a desired increased binding energy hydrogen species 
such as one selected from the group consisting of hydrino atom having a 
binding energy given by Eq. (1). a dihydrino molecule having a binding 
energy of about — y eV. and hydrino hydride ion having a binding 

2 5 energy given by Eq. (10) is formed. The catalyst may be selected such 

that it has a desired enthalpy of reaction of about mXll.leV where m is 
an integer lo provide a selected catalysis of hydrogen. For example, the 
sum of the ionization energies of s electrons from an atom M to form 
is about mX21,2cV, Thus, the catalysis cascade for the p ih cycle is 
30 represented by 

mX212 eV^ M-^ M'^ + u ^ /yj^-^j+Kp + m)^ - p^]X\y6 eV (36) 

The overall reaction is 
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wnere p is an integer grea.cr ,han 1. preferably from 2 (o 200 Tl^e 
des.red hydrino produc, n..y further reac, to form a desired increased 

I. is believed ,ha. ,hc rate of catalysis is increased as the r,ct 
enthalpy of reaction is more closely matched ,o . 27.2 .«/ where „. is an 
.nteger. A„ e„,bodiment of the hydrino hydride reactor for producing 
increased b.nd.ng energy hydrogen compounds of the invent.on fu her 

10 co.npr.ses an electric or magnetic field source. The electric or .nagn t 
field source may be adjustable to control the rate of catalysis 
Adjustment of the electric or magnetic field provided by the electric or 
ntagncc field source may alter the continuum energy .eve o T 1 yst 
Whereby one or more electrons are io„i^ed to a continuum ener y vc, o 

J5 provuie a net enthalpy of reaction of approximately «X272eV The 
nlterat.«n of the continuum energy may cause the net enthalpy" of 
reacon of the catalyst to more closely match .-27.2 eV. Preferably the 
clectnc field is within the range of O.Ol-.O^ V/.. .ore preflrrbTy 

20 n Z' '""^ P''''"'^'^ >-iO'V/«. Preferably, the magnetic 

20 nux .s .,.h,n the range of O.O.-SGT. A magnetic field may have a strong 

gra^d... Preferably, the magnetic flux gradient is within L range If ' 

lu - to Tern and more preferably 10 ' - i Tcm '. 

For example, the cell may comprise a hot filament that dissociates 

.nolecular hydrogen to atomic hydrogen and may further heat a hydrogen 

2 5 dtssocrator such as transition elements and inner transition elements 

m>n platrnum. palladium, zirconium, vanadium, nickel, titanium Sc Cr 
Mn, Co. Cu. Zn. Y. Nb. Mo. Tc, Ru. Rh. Ag. Cd. La. H, Ta. W. Re. O I Au H« 
Cc. Pr. Nd. Pm. Sm. E«. Gd. Tb. Dy. Ho. Er. Tm. Vb. Lu. TT.. Pa I) acfivatid 
charcoal (carbon), and intercalated Cs carbon (graphite). The filament 
may further supply an electric field in the cell of the reactor. The electric 
Held may alter the continuum energy level of a catalyst whereby o,.e or 
more electrons are ionized to a cont.nuum energy level to provide a net 
enthalpy of reaction of approximately mXTJ.2eV In another 

3 5 variable voltage source. The rate of catalysis may be controlled by 
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contro hng ,hc applied voltage which determines the applied field which 
controls the catalysis rate by altering the continuum energy level 

In another embodiment of the hydrino hydride reactor, the electric 
or magnetic field source ionizes an atom or ,on to provide a catalyst 
havmg a net enthalpy of reaction of approximately mX212cV For 
examples, potassium metal is ionized to K\ or rubidium metal is tomzed 
«o Rb to provide the catalysts according to Eqs. (3-5) or Eqs (6-8) 
respectively. The electric field source may be a ho, filament whereby the 
hot f.lamem may also d.ssociate molecular hydrogen to atomic hydrogen 

In the case that the hydrino hydride reactor comprises multiple 
catalysts that are selected to form one or more desired increased binding 
energy hydrogen species or increased binding energy hydrogen 
compounds, the electric or magnetic field provided by the electric or 
magnetic f.eld source may be adjusted to preferentially increase the 
catalysis rate for one or more of the selected catalysts relative to one or 
more nonselected catalysts. Thus, the relative yield of one or more 
desrred increased bindir^g energy hydrogen species or increased binding 
energy hydrogen compounds may be adjusted. 

An further embodiment of the hydrino hydride reactor further 
comprises a source of thermal electrons. The source of electrons may 
reduce and thereby regenerate a catalyst whereby one or more electrons 
arc ionized to a continuum energy level to provide a ne, enthalpy of 
reaction of approximately m AT 27.2 .V. A hot ninment may be a source of 
thermal electrons. The hot filament may further comprise one or more of 
the elements selected from the group of a hydrogen dissociator. a catalyst 
heater, a hydrogen dissociator heater, a cell healer, and a source of 
electric field. 

. In another embodiment of the catalyst of the present invention, 
hydnnos are formed by reacting an ordinary hydrogen atom with a 
JO catalyst having a net enthalpy of reaction of about 

2 (38a) 
where m is an integer. It is believed that the rate of catalysis is increased 
as the net enthalpy of reaction is more closely matched to ~-21.2eV. 1, 
has been found that catalysts having a net enthalpy of reaction within 
3 5 ±10%. preferably ±5%. of '^■ll.leV are suitable for most applications. 
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/ Electron Transfer ( Oi ^e Species) 

In another embodiment, a catalytic system is provided by the 
ionization of , electrons from a participating species such as an. atom, an 
ion, a molecule, and an ionic or molecular compound to a continuum 
energy level such that the sum of the ionization energies of the , 
electrons is approximately ^n.leV where m is an integer. One such 
catalytic system involves dysprosium. The first, second, and third 
ionization energies of dysprosium are 5.9389 el/. 1 1.67 cV. and 22.SeV. 
respectively (David R. Linde. CRC Handbook of Chemistry and Physics, 78 
th Edition, CRC Press, Boca Raton, Florida. (1997), pp. 10-214-10-2161. 
The three ionization (/ = 3) reaction of Dy to Dy'\ then, has a net enthalpy 
of reaction of 40.41 cl/. which is equivalent to m = 3 in Eq. 38a. 



1 5 40.4 J eV+ £)>-+// 



L P. 



Dy" + 3e- + w[ | l{p + I)' - p' JA:13.6 eV 



(38b) 



And, the overall reaction is 

Hydrogen catalysts capable of providing a net enthalpy of reaction 
of approximately ^-27.2 eV where m is an integer to produce Hydrino 

whereby t electrons are ionized from an atom or ion arc given infra. The 
atoms or ions given in the first column are ionized to provide the net 
enthalpy of reaction of ^ 27.2eV given in the tenth column where m is 

given in the eleventh column. The electrons which are ionized are given 
with the ionization potential (also called ionization energy or binding 
energy). The ionization potential of the nth electron of the atom or ion is 
designated by IP, and is given by David R. Linde, CRC Handbook of 
30 Chemistry and Physics, 78 ih Edition. CRC Press. Boca Raton. Rorida. 

(1997). pp. 10-214-10-216 which is herein incorporated by reference. 
That is for example, Dy + 5.n&9 eV ~* Dy' e , + n.67 «V -> O/' te" and 
'+22.8eV-»Dy*'+<r-. The first ionization potential, i/; = 5.9389 eV, the 
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second ionaaiion po!emiaK /P, = !L67^V, and the ihird ionizaiion potential. 

/P, = 22.8cV, arc given in the second, ihird. and fourth columns, 

respectively. The net enthalpy of reaction for the triple ionization of Dy 

. is 40.409 as given in Hhc icnlh column, and in Eq, (38a) as given in 
5 the eleventh column. 

pji!)gt_ ^ ^ >P2 IP3 IP4 IPS tPG IP7 ?^ r n»h.^py ^ 1 

U 5.392 75.64 ^ ' 

K 4.34t 31,63 45.81 ^J^^^ \ 

V 6.746 14.66 29.31 46.71 65.28 16^71 19 

Cr G.767 16,49 30.96 212 4 

& 9.752 21.19 30.82 42.95 68.3 81.7 155.4 4lo 11 30 

MO 7.092 16.16 27.13 46.4 54.49 68.83 125.7 143.6 489 36 36 

Sn 7.344 14.63 30.5 40,74 72.28 165*49 IP 

Sm 5.644 1 1.07 23.4 41.4 5,4 g 



6.15 12.09 20. G3 44 



82.87 6 



Oy 5.939 11.67 22.8 41.47 o. 07Q ^ 

Dy 5.939 11.67 22.8 ^ 

Ho 6.022 1 1.8 22.84 

Ef 6.108 1 1.93 22.74 

Lu 5.426 13.9 20.96 



40.409 3 

40.662 3 

40.778 3 

40.285 3 



A process of the present invention is ihe formation of a metal such 
as potassium metal, rubidium metal, or cesium metal by the reduction of 

10 K\ Rb\ox Cs\ respectively, via the catalysis of hydrogen to form 

increased binding energy hydrogen compounds and the metal. Other 
metals such as lithium or sodium may be made by reacting potassium, 
rubidium, or cesium mclal with a lithium or sodium compound, 
respectively. Techniques commonly used by those skilled in the an can 

1 5 be used in a similar manner to form and isolate other metals by reacting 
potassium^ rubidium, or cesium mclal with an alkali compound. The 
reaction may occur continuously in the hydrino hydride reactor. For 
example, a hydrogen catalyst such as K^CO, may be added to a gas cell 
hydrino hydride reactor containing an alkali compound such as Na.CO^ or 

20 /ijCa,. Catalysis of hydrogen produces hydrino hydride compounds and 
potassium metal. Potassium metal is more active than lithium or sodium 
metal. Thus, the potassium metal reacts with Na^COy or U^CO^ to form 
K^CO^ and lithium or sodium metal, respectively. In one embodiment, the 
alkali compound that is not a hydrogen catalyst is present in a molar 

25 eiccss. In another embodiment, other elements or compounds of other 
elements present in the hydrino hydride reactor such as alkaline earth. 
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transition metal, rare earth, and precious metal compounds arc reduced 
by an alkaline metal formed in che hydrino hydride reactor. 

In the case thai the catalyst is reduced .o a metal during catalysis 
the metal may accumulate in the reactor such as a gas cell hydrino 
hydride reactor during operation. Hydrino hydride compounds havin- a 
cation ,n a high oxidation state may form. For example, the potassium 
catalysis reaction is given by Eqs. (3-5). A potassium metal forming 
reaciion is: 

(39) 



Potassium metal may accumulate in the cell as is pumped from the ccH 
The potassium metal may form an amalgam with the dissociator which 
inhibits hydrogen dissociation. Thus. or HI may be supplied to the cell 
to regenerate the catalyst Kl and regenerate the dissociator 
Alternatively, other oxidants such as water, oxygen, or an oxyanion may 
be supplied to the gas cell hydrino hydride reactor to react with the alkali 
metal. 

Hydrogen polymers such as H„ may be synthesized from increased 
binding energy hydrogen compounds by polymerization. Increased 
binding energy hydrogen compounds may be reacted with polymerizing 
agents such as oxidizing agents, rcduciants. or free radical generating 
agents to form polymers. Increased binding energy hydrogen species of 
mcrcascd binding energy hydrogen compounds may also be polymerized 
by reacting with one or more of the polymerizing agents. Examples of 
suitable polymerize agents include nitric acid, hydro iodic acid, sulfuric 
acid hydro fluoric acid, hydrochloric acid, potassium metal, and a mixture 
of base and hydrogen peroxide such as K,CO,/ Hfi,. Hydrogen polymers 
may also form during catalysis in the electrolytic cell, gas cell, gas 
discharge cell, or plasma torch cell hydrino hydride reactor In one 
embodiment, hydrogen polymers such as W„ may be synthesized from 
hydrogen in a gas ceil or gas discharge cell wherein the source of catalyst 
IS potassium metal. Hydrogen polymer compounds may be purified from 
the reaction mixture by the methods given in the Purincation of 
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Increased Binding Energy Hydrogen Compounds section of my previous 
PCX Patent Application, PCT US98/I4029 filed on July 7, 1998. which is 
incorporated herein by reference- 
Hydrogen polymers such as may also be synthesized from 
5 increased binding energy hydrogen compounds by polymerization at high 
temperature. In one embodiment, an increased binding energy hydrogen 
compound such as potassium hydrino hydride or titanium hydrino 
hydride is formed as an intermediate that is polymerized at high 
temperature in a high temperature reactor. Examples of suitable 
1 0 temperatures arc within the range of about 500 ^'C to abOui 2800 "^C. For 
example, if Ihe increased binding energy hydrogen compounds are 
formed in a gas cell hydrino hydride reactor at one temperature, such a 
temperature within the range of about 350 ''C to about 800 °Q the 
increased binding energy hydrogen compounds may polymerized in the 

1 5 gas cell hydrino hydrided reactor by elevating the reactor temperature to 

range within about 850 to about 2800 In an embodiment, the 

polymerization may be catalyzed by a hot metal surface such as that of a 
hoi refractory metal filament. For example, a gas cell hydrino hydride 
reactor may comprise a hot tungsten filament maintained at an elevated 

2 0 temperature such as a temperature within the range 1200 **C to 2800 "^C 

wherein hydrogen catalysis occurs to form, increased binding energy 
hydrogen species which polymerize on contact with the hot filament. 
Based on the disclosure herein, one skilled in the an will be able to select 
a suitable polymerization temperature to form the desired increased 

2 5 binding energy hydrogen polymer' 

Hydrino hydride compounds have been found to be stable to 
electrolysis at a voltage that is substantially greater than that of ordinary 
compounds. Hydrino hydride compounds such as potassium hydrino 
hydride may be purified by electrolysis at a sufficiently high voltage that 

3 0 the anion of the catalyst is oxidized. In one cmbodiraeni, the reaction 

products of the hydrino hydride reactor are collected and run in a mohen 
electrolytic cell such thai the reduced cation of the catalyst such as 
potassium metal forms at the cathode, and the oxidized anion of the 
catalyst such as halogen gas (for example /,) forms al the anode. The 
3 5 electrolyzcd catalyst products such as iodine gas and potassium metal are 
separated from the hydrino hydride compounds that are stable to 
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electrolysis. Meiliods of separation such as disiillaiion and phase 
separaiion techniques commonly used by ihosc skilled in the art can be 
used in a similar manner to isolate hydrino hydride compounds. For 
example, iodine can be removed at low temperatures as a gas, and 
5 potassium metal can be removed with the cathode onto which it 
electroplates. 

A method of isotope separation comprises the step of reacting an 
element or compound having an isoiopic mixture containing the desired 
element with an increased binding energy hydrogen species in atomic 

1 0 percent shortage based on the stoichiometric amount to fully react with 

or bond to the desired isotope. The increased binding energy hydrogen 
species is selected such thai the bond energy of the reaction produci is 
dependent on the isotope of the desired element. Thus, an increased 
binding energy species can be selected such that the predominant 
15 reaction produci contains at least one "increased binding energy hydrogen 
species bound to the desired isotope. The compound comprising ai least 
one increased binding energy hydrogen species and the desired isotope 
can be separated from the reaction mixture. The increased binding 
energy hydrogen species may be separated from the desired isotope to 

2 0 obtain the desired isotope. Tlie recovered isotope may be reacted with 

the increased binding energy hydrogen species and these steps may be 
repeated to obtain a desired level of enrichment. The use of the term 
"isotope" in this context includes an individual element as well as 
compounds containing the desired elemental isotope, 

2 5 Another method of isotope separation comprises the step of 

reacting an element or compound having an isotopic mixture containing 
the desired clement with an increased binding energy hydrogen species 
that bonds to the undesiied isotope. Since the bond energy of the 
reaction product is dependent on the isotope of the undesired clement, 
30 an increased binding energy species can be selected such that the 

predominant reaction product contains at least one increased binding 
energy hydrogen species bound to the undesired isotope, and the desired 
isotope remains substantially unbound. The compound comprising at 
least one increased binding energy hydrogen species and the undesired 

3 5 isotope can be separated from the reaction mixture to obtain the desired 

isotope. The use of the term "isotope'* in this context includes an 
individual element as well as compounds containing the desired 



wo 00/07931 



PCTAJS99/I7I29 



elemental isoiope. 

A furiher method of separating a desired isoiopc from a mixture of 
isolopes comprises: 

reading an increased binding energy hydrogen species with an 
5 isolopic mixture comprising a molar excess of a desired isoiope with 
respcci lo Che increased binding energy hydrogen species to form a 
compound enriched in the desired isoiope; 

separating said compound enriched in the desired isotope from 
the reaction mixture; and 
i 0 separating the increased binding energy hydrogen species 

from the desired isoiopc lo obtain the desired isoiopc. 

Another method of separating a desired isotope from a mixture of 
isolopes comprises: 

reacting a mixture of isolopes with an amount of an increased 

1 5 binding energy hydrogen species sufficient lo remove an undcsired 

isotope from a isoiopic mixture to form a compound enriched in the 
undcsired isoiope^ and 

removing said compound enriched in the undesircd isoiope. 
The mixture of isotopes can comprise elements and/or compounds 

2 0 containing the isolopes. 

Other objects, features, and characlcrislics of the present invention,, 
as well as the methods of operation and the functions of the related 
elements, wil! become apparent upon consideration of the following 
description and the appended claims with reference to the accompanying 

2 5 drawings, all of which form a pari of this specification, wherein like 

reference numerals designate corresponding parts in the various figures. 

m. BRIEF DESCRIPTION OFTHE DRAW1NG5; 
FIGURE 1 is a schematic drawing of an electrolytic cell hydride reactor 
30 in accordance with the present invention; 

FIGURE 2 is a schematic drawing of an experimental quartz gas cell 
hydride reactor in accordance with the present in^vention; 

FIGURE 3 is a schematic drawing of an experimental concentric quartz 
lubes gas cell hydride reactor in accordance with the present invention; 

3 5 FIGURE 4 is a schematic drawing of an experimental stainless steel gas 

cell hydride reactor in accordance with the present invention; 

FIGURE 5A is the positive TOFSiMS spectrum {/7j/e = 0-50) of 99.999% 
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KHCO, {HC = hydrocarbon); 

FIGURE 7A is (he positive TOFSIMS spectrum (m/e=:0-30) of ,he 
poly.ucr.c material prepared by concentrating the K,CO, electrolyte fro., 
.he Thcrmacore Electrolytic Cel. wsth a rotary evaporator and eentrifuging 
«he polymeric material (sample #I)(HC = hydrocarbon)- 

FIGURE 7B is the positive TOFSIMS spectrum («/. = i)-lO0) of the 
polymeric material prepared by concentrating the K,CO, electrolyte from 
|he Thermacore Electrolytic Cell with a rotary evaporator and eentrifuging 
the polymeric material (sample «|)(»C = hydrocarbon) 

FIGURE 7C is the positive TOFSIMS spectrum (;«/* = |{K>- 150) of the 
polymeric materia! prepared by concentrating the K,CO, electrolyte from 
Ihc Thermacore Electrolytic Cell with a rotary evaporator and eentrifuging 
the polymeric material (sample ffl)(HC = hydrocarbon)- 

FIGURE 7D is the positive TOFSIMS spectrum («/e = 150 - 200) of the 
polymene material prepared by concentrating the K,CO, electrolyte from 
3 0 the Thermacore Electrolytic Cell with a rotary evaporator and eentrifuging 
the polymeric material {sample ffl)(HC = hydrocarbon)- 

FIGURB 8A is the positive TOFSIMS spectrum (m/^ = 200- ^00) of 
polymeric material prepared by concentrating the K,CO, electrolyte fron, 

the Thermacore Electrolytic Cell with a rotarv /<.t,<>».N,..» a 
. , ' ^ rotary evaporator and eentrifuging 

the polymeric material (sample #1)(HC = hydrocarbon)- 

FIGURE 8B is (he positive TOFSIMS spectrum (m/e = 300-400) of 
polymeric material prepared by concentrating the K,CO, electrolyte from 
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the Thermacorc Blecirolyiic Cell wi(h a rotary evaporator and cemrifuging 
the polymeric maierial (sample ffl)(HC = hydrocarbon): 

FIGURE 8C is ihe pojiiiivc TOFSIMS specuum (m/<r = 4Oa~5O0) of 
• polymeric maierta) prepared by conceniraling ihe /C,COj clccirolyie from 

5 ihc Thermacorc Elecirolyiic Cell with a rotary evaporator and centrifuging 
the polymeric material (sample #r)(HC = hydrocarbon); 

FIGURE 8D IS the positive TOFSIMS spectrum (m/e = 500- l(X)0) of 
polymeric material prepared by concentrating the K^COy electrolyte from 

the Thermacorc Electrolytic Cell with a rotary evaporator and centrifuging 
10 the polymeric material (sample tfl)(HC = hydrocarbon); 

FIGURE 9 is the negative TOFSIMS spectrum (m/e = 20-30) of 99,999% 

FIGURE 10 is the negative TOFSIMS spectrum (m/ e = 215-29,5) of 
crystals obtained by treating the A'^CO, electrolyte of the BLP Electrolytic 

1 5 Ceil with a cation exchange resin (Puroliie ClOOlI) (sample If4)\ 

FIGURE II is the negative TOFSIMS spectrum (m/f = 27-29) of sample 

FIGURE 12 is the negative TOFSIMS spectrum (m/e = 28-29) of sample 
#4; 

20 FIGURE 13A is the positive TOFSIMS spectrum (m/e = 0-50) of crystals 
isolated from the cathode of the K^COy INEL Electrolytic Cell (sample #5); 

FIGURE 13B is the positive TOFSIMS spectrum (w/i? = 50- 100) of 
crystals isolated from the cathode of the KjCO^ INEL Electrolytic Cell 

(sample #5); 

2 5 FIGURE 13C is the positive TOFSIMS spectrum (w/e = 100- 150) of 

crystals isolated from the cathode of the K^COy INEL Electrolytic Cell 

(sample U5); 

FIGURE I3D is the positive TOFSIMS spectrum (m/c = 150- 200) of 
crystals isolated from the cathode of the K^CO^ INEL Electrolytic Cell 

3 0 (sample ^5); 

FIGURE 14 is the negative TOFSIMS spectrum (/n/e = 10-20) of 99.999% 

FIGURE 15 is the negative TOFSIMS spectrum (m/c = 10-20) of 
polymeric maierial prepared by concentrating the K^COy electrolyte from 

3 5 the Thermacorc Electrolytic Cell with a rotary evaporator and centrifuging 
the polymeric material (sample #1); 

FIGURE 16 is the negative TOFSIMS spectrum (m/e = 10-20) of crystals 
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isoJntcd from the cathode of the K,CO, INEL Elcc.rolyiic Cell (sample «5); 
riGURE 17 is the positive TOFSIMS spcciram (n,/e^0-S0) of sample 

5 ft] ^^^^^^ ''"^^^^'^S specirum (/../* = 20-30) of sample 

FIGURE 19 is the presputtering negative TOFSIMS spectrum 
(m/«r = 20-30) of sample #1; 

FIGURE 20 is the post sputtering negative TOFSIMS spectrum 
(m/c = 20-30) of sample #1; 

10 FIGURE 21 is the post sputtering negative TOFSIMS spectrum 
(m/e = 30-40) of Sample #1; 

FIGURE 22 is the negative TOFSIMS spectrum (m/^ = 60 - 70) of sample 
#12; 

FIGURE 23A is the negative TOFSIMS spectrum (m/« = 0-50) of 99 99% 

1 5 pure KI: 

FIGURE 23B is the negative TOFSIMS spectrum = 50- 100) of 
99.99% pure Kl: 

FIGURE 23C is the negative TOFSIMS spectrum (m/^r = 100- 150) of 
99.99% pure Klx 

2 0 FIGURE 23D is the negative TOFSIMS spectrum (m/e= 150-200) of 

99.99% pure KI\ 

FIGURE 24A is the negative TOFSIMS spectrum {m/e = 0-50) of sample 

FIGURE 24B is the negative TOFSIMS spectrum (m/e = 50-100) of 

2 5 sample «6; 

FIGURE 24C is the negative TOFSIMS spectrum (m/« = 100-150) of 
sample U6; 

FIGURE 24D is the negative TOFSIMS spectrum (m/« = 150 - 200) of 
sample U6: 

3 0 FIGURE 25 is the positive TOFSIMS spectrum (m/e = 0-50) of sample 

#15; ^ 

HGURE 26A is the negative TOFSIMS spectrum (;«/e-0-50) of sample 
« 15; ' P 

FIGURE 2(5B is the negative TOFSIMS spectrum (m/* = 50-IOO) of 
3 5 sample U 15; 

FIGURE 26C is the negative TOFSIMS spectrum (m/t = 100-150) of 
sample # 15; 
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^"^'"^ (•■•" = . 50- 200, or 

' Jlf^n"" " ^^•™"< <".'"5o-,oo, or 

sam"?'n; " '"'"^ 'I-"""" 500-soo, or 

r.y Pho,„.loc,ro„ Sp.c™m (XPS) of sampt .17 ' 

<..™o-:orof'«;eir;' 

20 FIGURE 34 is ,|,c posi.ivo posi spm.oring TOFSms specran, 
{m/e.40-60) of sample /I20-. speciram 

iw/e- 53-61) of sample #22; 

r^/T'^f';.? r "'^'''"^ TOrsms specirum 

(/n/e = 53-6l) of sample #23; F'-'-irum 

I m^e-- 112-125) of sample #24- 

» "r»!a:':;:;r„r'"'"' ^o^^-"^ ^p-.™. 
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FIGURE 43 is «he prcspu»tering negative TOFSIMS spectrum 
(wi/tf = 0-30) of sample 1124; 

FIGURE 44 is the post spiiitering negative TOFSIMS spectrum 
(«i/« = 0-30) of sample #24; 

5 FIGURE 45 is the post sputtering negative TOFSIMS spectrum 
»«/£ = 50-100 of sample «25; 

FIGURE 46 is the positive TOFSIMS spectrum = 35-45) of sample 

FIGURE 47 is the positive TOFSIMS spectrum («,/. = 35-45) of sample 

FIGURE 48 is the positive TOFSIMS spectrum (m/e = 35-45) of sample 

FIGURE 49 is the restilts of the LC/MS analysis of sample «n wherein 
the mass spectrum comprised the sum of the ion signals from 5 ions (m/c 
1 5 = 39.0. 176.8. 204.8. 536.4, and 702.4); 

FIGURE 50 shows =, shaded time interval of the chromatogram of the 
LC/MS analysis of sample «13 centered on 0.77 minutes wherein the 
mass spectrum comprised the sum of the ,on signals from 5 ions (m/e = 
39.0, 176.8. 204.8. 536.4. and 702.4); 

FIGURE 51 is the summation of 21 mass spectra of 5 ions (m/c = 39 0 
176.8. 204.8. 536.4. and 702.4) recorded over the shaded time interval of 
the EC/MS spectrum of sample #13 shown in FIGURE 50; 

FIGURE 52 shows a shndcd time. interval of the chromatogram of the 
LC/MS analysis of .sample #13 centered on 17.06 minutes wherein the 
mass spectrum comprised the sum of the ion signals from 5 ions (m/e = 
39.0. 176.8. 204.8, 536.4. and 702.4); 

FIGURE 53 is the summation of 12 mass spectra of 5 ions (m/c = 39 0 
176.8, 204.8, 536.4, and 702.4) recorded over the shaded time interval of 
the LC/MS spectnim of sample #13 shown in FIGURE 52; 

FIGURE 54 is the results of the LC/MS analysis of sample #13 wherein 
the mass spectrum comprised the 176.8 ion signal; 

FIGURE 55 is the results of the LC/MS analysis' of sample #13 wherein 
the mass spectrum comprised the 204.8 ion signal; 

FIGURE 56 is the results of the LC/MS analysis of sample #13 wherein 
the mass spectrum comprised the 536.4 ion signal; 

FIGURE 57 is ,he results of the LC/MS analysis" of sample #13 wherein 
the mass spectrum comprised the 702.4 ion signal; 
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FIGURI2 58 is ihe results of ihe LC/MS analysis of sample fll3 wherein 
ihe mass specuum comprised (he 39.0 ion signal; 

FIGURE 59 is the results of the LC/MS analysis of 99.9% A^CO, control 
wherein the mass spectrum comprised the 176.8 ion signal; 
5 FIGURE 60 is the results of the LC/MS analysis of the sample solvent 
alone control wherein the mass spectrum comprised the 176.8 ion signal; 

FIGURE 61 is the results of the LC/MS analysis of 99.99% Kl control 
wherein the mass spectrum comprised the 204.8 ion signal; 

FIGURE 62 is ihc results of the LC/MS analysis of the sample solvenl 
1 0 alone control wherein (he mass spectrum comprised the 204.8 ion signal; 

FIGURE 63 is the positive ESITOFMS spectrum of 99.9% KjCO^\ 

FIGURE 64 A is the positive ESITOFMS spectrum (m/e = 0-200) of 
precipitate prepared by concentrating the KjCO^ electrolyte from the BLP 
Electrolytic Cell with a rotary evaporator and allowing the precipitate to 

1 5 form on standing at room lempcraiure (sample #3); 

FIGURE 64B is the positive ESITOFMS spectrum (m/c = 300- 8O0) of 
precipitate prepared by concentrating the K^CO^ electrolyte from (he BLP 
Electrolytic Cell with a rotary evaporator and allowing the precipitate to 
form on standing at room icinpcrature (sample #3); 

2 0 FIGURE 65 is the positive ESITOFMS spectrum (/n/e = 50-~300) of 

precipitate prepared by conceniraling the K^CO^ electrolyte from the 
Thcrinacorc Electrolytic Cell until the precipitate just formed (sample ^i2)\ 
FIGURE 66 is the mass spectrum (m/e = 0-140) of the vapors from pure 
crystals of iodine thai were saturated with distilled water; 

2 5 FIGURE 67 is the mass spectrum (/n/^=:0- 150) of the vapors from 

sample #3 with a sample heater temperature of !00 °C, and an insert of 
the (m/e-o~45) mass spectrum; 

FIGURE 68 is the mass spectrum (m/e = 0-140) of the vapors from 
sample #8 with a sample heater temperature of 148 'C; 

3 0 FIGURE 69 is the mass spectrum (m/e^ 0-150) of the vapors from 

sample ff9 with a sample heater temperature of 234 ""C; 

FIGURE 70 is the mass spectrum {m/ € = 0-\\0) of the vapors from 
sample ^9 with a sample heater temperature of 185 "*€; 

FIGURE 71 is the mass spectrum (m/c = 0-120) of the vapors from 
3 5 sample #10 with a sample heater temperature of 534 ^C; 

FIGURE 72 is the mass spectrum (/n/e = 0-80) of the vapors from 
sample ^10 with a sample heater temperature of 30 X; 
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snrn'oleTi !"\k ''"'""^ (-/-0-220) of .he vapors from 

sample «li u-uh a sample heater temperature of 480 »C- 

sJll^Z ''.K T ^""'^ = «-'35> of '^e' vapors fronv 

sample #28 w,.h a sample heater temperature of 325 and an 
5 potential of 150 eV; >omzation 

. " 'P"""'" (""-0-135) of the vapor, from 

sample #28 w„h a sample heater temperature of 325 <>C and an Z ■ 
potential of 70 eV; ^" '^n'Mtion 

FIGURE 76 is the mass spectrum (n,/^ = o-lio) of vaoor. 
0 «29 whereb, the sample was dynamically hcated Ll To Z. VoT 

FIGURE 77 ,s the mass spectrum (m/. = 0-150) of the vaoors frn^ 
sample «30 wi.h a sample heater temperature of 285 Z 

FIGURE 78 is the mass spectrum (;n/^ = 0-l50) of the'vaoors from 
5 sample «31 with a sample heater temperature of 271 ^ 

FIGURE 79 is the mass spectrum (./e = 0-65) of the vapors from 
sample «31 wuh a sample heater temperature of 271 °C- 

FIGURE 80 is the mass spectrum (,„/e = 0-l35) of thc'vapors from 
sample «32 with a sample heater temperature of 102 

Jl^'Z <'"'-«-'^0> of .he'vapors from 

sample #33 w,(h a sample heater icmpcrature of 320 "C- 

sam'lleT3 'V^ ^'"'""^ ("./-0-.35) of the'vapors from 

sample «33 w,th a sample heater temperature of 320 "C- 

5 X-ray Photoelectron Spectrum (XPS) of polymeric material prepared bv 
concentrating the K,CO, electrolyte from the Thermacore E.eZlyUc Cell 

idemifiedr"'"'' '"""^'^ '''"^'^'^ 

FIGURE 84 is the survey X-ray Photoelectron Spectrum (XPS) of 
^ crystals prepared by concentrating .he K,CO, cJroly.e f^m L BLP 

> rav'lSof " ' '° ^"^^^y -eion of the survey X- 

> ray Photoelectron Spectrum nf rruct^i<, ^ , 

^,CO, electrolyte from Tblp E IcL rtirtit, 

, „ . cieccroiyiic Cell with a rotary evaporator 

and allowtng crystals to form on standing at room temperature (sample 
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«3) with the primary clcmenls identified; 

FIGURE 86 is (he TOFSIMS spectra (/n/e = 9.i-99) of sample #3- 
FIGURE 87 is the 0-60 cV binding energy region of a high resolu.ioo X- 
ray Phoioelectron Spcclruni (XPS) of crystals isolated from the K,CO, INEL 
Electrolytic Cell (sample #5) with the primary demon, peaks idei>,ified- 

FIGURE 88 IS the survey spectrum of crystals prepared by fiherine the 
K,CO, electrolyte from the BLP Electrolytic Cell (sample «9) with the 
primary elements identified; 

FIGURE 89 is the 0 to 75 eV b.nding energy region of a high resolution 
X-ray Photoclectron Spectrum (XPS) of crystals prepared by filter.ng the 
K,CO, electrolyte from the BLP Electrolytic Cell (sample »9): 

FIGURE 90 is the 0 to 75 eV binding energy region of a high resolution 
X-ray Photoelectron Spectrum (XPS) of recrystallized crystals prepared 
from the gas cell hydrino hydride reactor comprising a A7 catalyst 

1 5 stainless steel filament leads, and a W filament (sample 334); 

FIGURE 91 is the gas chromatographic analysis (60 njctcr column) of 
high purity hydrogen; 

FIGURE 92 is the gas chromaiograph of the dihydrino or hydrogen 
released from the sample «15 when the sample was heated to above 600 

2 0 C with mehing; 

FIGURE 93 is the UV spectrum in the region 300-560 nm of light 
emitted from the gas cell hydrino hydride reactor comprising a tungsten 
filament and 0.5 torr hydrogen at a cell temperature of 700 °C; 

FIGURE 94 is the UV spectrum in the region 300-560 nm of light 
emitted from the gas cell hydrino hydride reactor comprising a tungsten . 
filament, a titanium dissociator. gaseous RbCl catalyst, and 0.5 torr 
hydrogen at a cell Icmpcralurc of 700 'C; 

FIGURE 95 shows the emission due lo a discharge of hydrogen 
superimposed on the gas cell emission; 

Figure 96A is the positive ToF-SIMS spectrum (m/f = 0-50) of 99 999% 
KHCOy (HC = hydrocarbon); 

Figure 96B is the positive ToF-SIMS spectrum (m/^ = 50-100) of 
99.999% KHCO, (HC = hydrocarbon); 
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Figure 96C is the positive ToF-SlMS spectrum («/* = 100- 150) of 
99.999% KHCO, (HC = hydrocarbon); 

n^S^"'"" '^'^ ToF-SlMS spectrum 150 - 200) of 

99.999% KHCO, (HC = hydrocarbon): 
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Figure 97A is ihe posihve ToF-SlMS spectrum = 200- 300) of 
99.999% AT/ZCO, (HC = hydrocarbon); 

Figure 97B is the positive ToF-SIMS spectrum (m/^ = 300 - 400) of 
99.999% KHCO, (HC = l)ydrocarbon): 

5 Figure 97C is the positive ToF-SIMS spectrum (m/f = 400^500) of 
99,999% KHCO, (HC = hydrocarbon); 

Figure 97D is the positive ToF-SlMS spectrum (m/^= 500- 1000) of 
99.999% KliCO, (HC r= hydrocarbon); 

Figure 98A is the posiUve ToF^SIMS spectrum {m/€ = 0 -50) of an 
! 0 electrolytic cell sample where HC = hydrocarbon; 

Figure 98B is the positive ToF-SIMS spectrum (m/e = 50- iOO) of an 
elecirolyiic cell sample where HC = hydrocarbon; 

Figure 98C is the positive ToF-SIMS spectrum (m/^ = 100- 150) of an 
electrolytic cell sample where HC = hydrocarbon; 
1*5 Figure 98D is the positive ToF-SIMS spectrum (/«/£ = 150- 200) of an 
electrolytic cell sample where HC = hydrocarbon; 

Figure 99A is the positive ToF-SIMS spectrum (m/f -200- 300) of an 
electrolytic cell sample where HC = hydrocarbon; 

Figure 99B is the positive ToF-SIMS spectrum (m/e = 300-400) of an 
2 0 electrolytic cell sample where HC = hydrocarbon; 

Figure 99C is the positive ToF-SlMS spectnjm (m/e = 400-500) of an 
electrolytic cell sample where HC = hydrocarbon; 

Figure 99D is the positive ToF-SIMS spectrum (/n/£= 500- 1000) of 
an electrolytic cell sample where HC = hydrocarbon; 
2 5 Figure 100 is the 0 to 80 eV binding energy region of a high resolution . 
XPS spectrum of an electrolytic cell sample; 

Figure 101 is the XPS survey spectrum an electrolytic cell sample with 
the primary elements identified; 

Figure 102 is the magic angle spinning proton NMR spectrum of an 
30 electrolytic cell sample; 

Figure 103 is the overlap FTIR spectrum an electrolytic cell sample and 
the FTIR spectrum of the reference potassium carbonate; 

Figure 104 is the stainless steel gas cell comprising a Ti screen 
dissocialor, potassium metal catalyst, and K! as the rcaclani; 
35 Figure 105A is the positive ToF-SIMS spectrum (/7i/e=:0-50) of the blue 
crystals; 

Figure 105B is the positive ToF-SIMS spectrum (m/e = 50-100) of the 
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blue crystals; 

Figure I05C is ihe posiiive ToF-SIMS spectrum (/«/ir = lOO- 150) of the 
blue crystals; 

Figure 105D is the positive ToF-SlMS spectrum {mfe^lSO-lOO) of the 
5 blue crystals; 

Figure 106A ii the negative ToF-SIMS spectrum (;«/e-0-50) of ihc 
blue crystals; 

Figure I06B is the negative ToF-SlMS spectrum {/«/^ = 50-> 100) of the 
blue crystals; 

10 Figure 106C is the negative ToF-SlMS spectrum 100-150) of Ihc 

blue crystals; 

Figure 106D is the negative ToF-SIMS spectrum = 150-200) of the 
blue crystals; 

Figure 107 is the XPS survey scan of the blue crystals: 
15 Figure 108 is the O^IOO eV binding energy region of a high resolution 
XPS spectrum of the blue crystals; 

Figure 109 is the 0-100 eV binding energy region of a high resolution 
XPS spectrum of the control KI: 

Figure 110 is the 7/ MAS NMR spectrum of the control KH relative to 
20 external tetramethylsilane (TMS); 

Figure III is the 7/ MAS NMR spectra of the blue crystals relative to 
external tetramethylsilane (TMS); 

Figure 1 12 is the 7i NMR spectrum of the blue crystals exposed to air 
for 1 minute; 

25 Figure 113 is the 7/ NMR spectrum of. the blue crystals exposed to air 
for 20 minutes; 

Figure 114 is the 7/ NMR spectrum of the blue crystals exposed lo air 
for 40 minutes; 

Figure 115 is the *H NMR spectrum of the blue crystals exposed to air 
3 0 for 60 minutes; 

Figure 116 is the FTIR spectra (500- 4000 cm*') of the blue crystals; 

Figure 117 is the FTIR spectra (500- 1500 cm"') of the blue crystals; 

Figure 118 is the results of the Selected !on Monitoring LC/MS analysis 
of the blue crystals wherein the mass spectrum comprised the wi/z = 204.6 
3 5 ion signal; 

Figure 119 is the results of the Selected Ion Monitoring LC/MS analysis 
of the blue crystals wherein the mass spectrum comprised the ml z- 301.6 
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ion signal; 

f igure 120 is .he gas chronia.ogrnph of ,he dihydrino or hydrogen 

5 Figure 12! is the in.ensity as a function of time for masses 

«./. = 2, and = 3 obtained while changing the ionization po.en.ial (IP) 
of the mass spccuometer from 30 cV ,o 70 eV for gas released from 
thermal decomposition of the blue crystals, and 

Figure 122 is ihe intensity as a function 'of time for masses , 

Tf 1 "'"'^ '''' 'o"'^«''0" potential m 

of the mass spectrometer from 30 eV ,o 70 eV for ul.rapure hydrogen. 

IV. DRTAH Ft-. nFQr>p,pTjp^| ^p^^p ngypKmnN 
Formation of a hydrino hydride ion allows for formation of alkali 
and allcalme earth hydrides having enhanced stability or reduced 
rcac.vny i„ water. Increased binding energy hydrogen species are 
capable of form.ng very strong bonds with certain cations and have 
reX P^'^""''^^,."'"' '"-y applications such as cutting materials (as a 
eplacemem for d.amond. for example); structural materials and synthetic 
f.bers such as novel inorganic polymers. Due to the small mass of L 
hydr.no hydride ion, these materials can be made significantly lighter in 
weight than present materials containing conventional anions 

Increased binding energy hydrogen species have many additional 
apphcat.ons such as cathodes for thermionic generators; formation of 
phcolummcscent compounds (for example Ziml phase silicides and 
s.la„es containing increased binding energy hydrogen species); corrosion 
resistant coatmgs; heat resistant coatings; phosphors for lighting; optical 
coatings; optical filters (for example, doe to the unique continuum 
cm.ss.on and absorption bands of the increased binding energy hydrogen 
30 speces); extreme ultraviolet laser media (for example, as a compound 
with a with highly positively charged cation); fiber optic cables (for 
example, as a material with a low attenuation for electromagnetic 
rad,at,on and a high refractive index); magnets and magnetic computer 

3 5 ^le?' ^'t ' '^'"P"""' ^''^ * ferromagneUc cation 

melT "'r • " '^•'--«-)^ chemical synthetic processing 

methods; and rcfmmg methods. The specific p hydrino hydride In 
(// {n^Up) Where p .s an integer) may be selected to provide the desired 
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properly such ns voltage following doping wi,h .he hydrino hydride ion 
Increased binding energy hydrogen species are useful in minir»<- " 
and rcftn.ng methods lo extract and/or purify a desired clement 
Increased binding energy hydrogen species may be formulated which are 
capab c of selectively reacting with an element, such as silver, platinum 
or gold, of n mixture of ele.nen.s and/or compounds to form an increased 
b.ndmg energy hydrogen compound containing the desired element I„ 
the case of silver, an exemplary increased binding energy hydrogen 
ccnpourtd ts AgHX where X is a halogen and // is an mcreased Lding 
energy hydrogen species. The mixture may be placed in the reaction 
vessel of the hydrino hydride reactor under conditions such that the 
reaction of an increased binding energy hydrogen species with the 
desired element occurs within the reactor. The product may be readily 
separated from the mixture based on properties of the increased binding 
energy hydrogen compound using conventional separation methods ...rh 
- volatduy or solubility. The specific , hydrino h^ide io^ -."p 
vvhcre IS an integer) may be selected to provide a desired property of 
the compound which allows for the extraction or separation of the desired 
element from the mixture. The compound can be purified from the 
mixture by the methods disclosed in the Purification of Increased Binding 
tnergy Hydrogen Compounds section of my previous PCT Patent 
Application. PCT US98/I4029 filed on July 7. 1998. which is incorporated 
herein by reference. The desired element can be isolated by 
decomposition of the increased binding energy hydrogen compound by 
methods such as Uiermal or chemical decomposition. 

The reactions resulting in the formation of the increased binding 
energy hydrogen compounds are useful in chemical etching processes 
such as semiconductor etching to form computer chips, for exatnple 
Hydnno hydride ions are useful as dopants for semiconductors, to alter 
the energies of the conduction and valance bands of the semiconduclor 
materia s. Hydrino hydride ions may be incorporated into semiconductor 
materials by ion implantation, beam epitaxy, or vacuum deposition The 
specific p hydrino hydride ion (W-(« = l/p) where is an integer) may be 
selected to provide a desired property such as band gap following doping. 

Due to the high energy released in the formation of a hydrino 
hydride ion from a hydrino. the hydrino may be a useful etching agent. 
Hydrinos may be generated such that they collide with the surface to be 
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ciched under coniiiiions such that Chc surface species are oxidized. 
Increased binding energy hydrogen compounds may provide hydrinos. 
The hydrinos may be supplied to chc surface by thermally or chemicaHy 
. decomposing increased binding energy hydrogen compounds. 
5 AUernauvcly. the source of hydrinos may be an electrolytic cell, gas cell 
gas discharge cell, or plasma torch cell hydrino hydride reactor of the 
present invention. To contact hydrinos with the surface to be etched, the 
object having the surface may be placed in the hydrino hydride reacior 
for example. Alternatively, hydrinos may be applied as an atomic beai^ 
1 0 by methods known to those skilled in the art. 

Hydrino hydride compounds can be formulated for use as 
semiconductor masking agents. Hydrino species-terminated (versus 
normal hydrogen- terminated) silicon may be utilized. In one 
embodiment hydrino species-terminated (versus hydrogen-terminated) 
silicon is synthesized by exposure of silicon or a silicon compound such as 
silicon dioxide to hydrinos. Increased binding energy hydrogen 
compounds may provide hydrinos. The hydrinos may be supplied to the 
surface by thermally or chemically decomposing increased binding 
energy hydrogen compounds. Alternatively, the source of hydrinos may 
be an electrolytic cell, gas cell, gas discharge cell, or plasma torch cell 
hydnno hydride reactor of the present invention. To contact hydrinos 
with the silicon rcactant. the silicon may be placed in the hydrino hydride 
reacior, for example. Alternatively, hydrinos may be applied as an 
atomic beam by methods known to those skilled in the art. 

Increased binding energy hydrogen silanes that are stable in air 
and/or arc stable at elevated temperatures arc useful sources of pure 
silicon which may be obtained by decomposition of purified increased 
binding energy hydrogen s.lancs. For example, the decomposition to pure 
silicon may be chemical or thermal. 

Due 10 the extraordinary binding energy of increased binding 
energy hydrogen species such as hydrino hydride ions, increased binding 
energy hydrogen compounds may contain protons. Thus, increased 
binding energy hydrogen compounds may be a source of protons. One 
method to release protons is thermal decomposition of the increased 
3 5 binding energy hydrogen compounds, preferably in vacuum. 

The highly stable hydrino hydride ion has application as the 
negative ion of the electrolyte of a high voltage electrolytic cell. In a 
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furlher applicauon, a hydrino hydride ion wi.l, cx.rcme s.nbilitv 
represents n significnn. i,r,prove,„ent ns .he product of a ca.hode half 
reacor, of a fuel ce,i or bat.ery over conven.iona, o.hode p J„«s of 
present baner.es ar,d fuel cells. The hydrino hydride reac.io' of Eq (1.) 
5 releases s.gn.f.can.ly .ore energy .han ox.dan.s used in conventional 

A further advanced battery application of hydrino hydride ions is i„ 
the fabr.cat.o„ of batter.es. A battery comprising, as an oxidant 
ccnpound a hydrino hydr.de compound forn.ed of a highly oxidized 
I 0 ca..on and a hydrino hydride ion C hydrino hydride battery") has " 

.ghter weigh, higher voltage, higher power, and greater energy density 
than a conventional battery having a cell voltage of abo„, one vol, I„ 
one embodiment, a hydrino hydride battery has a cell voltage of about 

1 5 Z T ^'^"^'^""^"'^^ "^^"-^ -^'^ hydrino hydride battery .. 

a so has a ower res.stance than conventional batteries. Thu.. the power 
of the novel battery can be more than 10.000 times the power of 
conventional batteries. Ft.rthermore. a hydrino hydride battery can be 
formulated whtch posses energy densities of greater than 100^00 watt 

battenes have energy densities of less that 200 watt hours per kilogram 
The present battery may further comprise an electronic activation 
crrcu.t wh.ch .s activated by a user specific input signal called a 
password" or "key" such as a swipe card signal. Or the battery rr.ay be 
activated by a signal transmitted to the battery from an electricity 

2 5 suppher s,.ch as an electric util.ty company which pennits the battery to 

be charged. In the latter case, the battery may further comprise a„ 
c ectron.c device such as a computer chip which may be installed by the 
electr.c.ty suppher. The signal which ac.vates the battery to be charged 
may be transmitted to the battery through electrical leads of the charger 

ii:r' \ T '''''' ' - ^»-'^*-y — r 

based on the electr.c.iy consumed during battery charging 

. s.^ ^"^"^ ''^ PO^^"'*"" ions (Eqs. 

3-5)) and rub.d.um (Eqs. 6-8)) to form hydrino atoms and hydrino 

hydr.de tons may result in the emission of extreme ultraviolet (EUV) 

mo ecular hydrogen resulting in molecular hydrogen emission which 
mcludes well characterized ultraviolet lines such as the Balmer .scries The 
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hydrogen emission or .he hydrogen emission further converted lo oihcr 
wavelengths using a phosphor, for example, is a lighting source of the 
presen. .nvention. The light source may produce wavelengths such as 
extreme ultraviolet, ultraviolet, visible, and infrared wavelengths. 

Due to the rapid kinetics and the extmordinary exothermic nature 
of the reactions of increased binding energy hydrogen compounds, 
particularly hydrino hydride compounds, other applications include 
munitions, explosives, propellanis. and solid fuels. 

The selectivity of hydrino atoms and hydride ions in forming bonds 
with specific isotopes based on a differential in bond energy provides a 
means to purify desired isotopes of elements. 

Hydrogen polyntters and inorganic hydrogen polymers comprising 
mcrcased bmding energy hydrogen species may be useful as 
superconductors having a high transition temperature. 

1. ItYDRinP.ION 

A hydrino atom /f|^^j reacts with an electron to form a 
corresponding hydrino hydride ion = I/p) as given by Eq. (11). 
Hydride ions are a special case of two-electron atoms each comprising a 
20 nucleus and an "electron l" and an "electron 2". The derivation of the 
binding energies of two-electron atoms is given by the '99 Mills GUT A 
brief summary of the hydride binding energy derivation follows whereby 
the equation numbers of the format {iiMm correspond to those given in 
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the '99 Mills GUT. 



The hydride ion comprises two indistinguishable electrons bound to 
a proton of 2 = +l. Each electron experiences a centrifugal force, and the 
balancing centripetal force (on each electron) is produced by the electric 
force between the electron and the nucleus. In addition, a magnetic force 
exists between the two electrons causing the electrons to pair. 

^ — Peterminaiion of the Orbits phere RaHnjic__r^ 

Consider the binding of a second electron to a hydrogen atom to 
form a hydride ion. The second electron experiences no central electric 
35 force because the electric field is zero outside of the radius of the first 
electron. However, the second electron experiences a magnetic force due 
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10 elecuon i causing it to spin pair with clcclron 1. Thus, cicctroa i 
experiences the reaction force of electron 2 which acis as a centrifugal 
force. The force balance equation can be determined by equating the 
loial forces acting on the' two bound electrons taken together. The force 
5 balance equation for the paired electron orbiisphere is obtained by 
equating the forces on the mass and charge densities. The centrifugal 
force of both electrons is given by Eq. (7.1) and Eq. (7.2) where the mass 
is 2m^. Electric field lines end on charge. Since both electrons are paired 
at the same radius, the number of field lines ending on the charge density 
1 0 of electron ! equals the number that end on the charge density of 

electron 2. The electric force is proportional to the number of field lines; 
thus, the centripetal electric force, F,^, between the electrons and the 
nucleus is represented by 



M) - ~z— J (42) 

1 5 where is the permittivity of free-space. The outward magnetic force 

on the two paired electrons is given by the negative of liq. (7.15) where 
the mass is 2m^. The outward centrifugal force and magnetic forces on 
electrons 1 and 2 arc balanced by the electric force 

2'' 1 tx' , 

2 0 where Z = l. Solving for r,, 

''7='-|==«o(H-./j(5 + 1)); ^ = 1 (44) 

That is, the final radius of electron 2, r,, is given by Eq. (44); this is also 
the final radius of electron 1. 

2 5 L2 Binding Bnergy 

During ionization, electron 2 moves to infinity. By the selection 
rules for absorption of clcctromagnelic radiation dictated by conservation 
of angular momentum, absorption of a photon causes the spin axes of the 
antiparallcl spin-paired electrons to become parallel. The unpairing 

3 0 energy, E^,,^^{magn€Uc), is given by Eq. (7.30) and Eq. (44) multiplied by 

two because the magnetic energy is proportional to the square of the 
magnetic field as derived in Eqs. (1.122-M29). A repulsive magnetic 
force exists on the electron to be ionized due to the parallel alignment of 
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Hie spin axes. The energy to move electron 2 to a radius which is 
infiniiesimally greater than (hat of electron I is zero. In this case, the 
only force acting on electron 2 is the magnetic force. Due to conservation 
of energy, the potential energy change to move electron 2 to infinity to 
5 ionize the hydride ion can be calcuraied from the magnetic force of Eq 
(43). The magnetic work. E„„^_.. is the negative integral of the magneiic 
force (the second term on the right side of Eq. (43)) from r, to infinity. 

" ■'2^^'^^^'''" (45) 
where r, is given by Eq. (44). Jhe result of the integration is 
10 £ t?4^+\) 

where j = i. By moving electron 2 to infinity, electron 1 moves to the 
radius r, = «„. and the corresponding magnetic energy. E.,_.,„„(,««^„e„v). 
is given by Eq. (7.30). In the present case of an inverse squared central 
field, the binding energy i.s one half the negative of the potential energy 
1 5 [Fowles. G. R., Analytical Mechanir^. Third Edition. Holt. Rinehart and 

Winston. New York. (1977). pp. 154-156.). Thus, the binding energy can 
be determined by subtracting the two magneiic energy terms from one 
half the negative of the magnetic work wherein is the electron reduced 
mass n, given by Eq. (1.167) due to the clcctrodynamic magnetic force 
between electron 2 and the nucleus given by one half that of Eq. (1.164). 
The factor of one half follows from E<|, (43). 

Binding Energy = -1 E^^, - E,„^ „^{imgnetic) - E^^^^imagnaic) 



20 



The binding energy of the ordinary hydride ion ;i (n = l)is 0.75402 
according to Eq. (47). The experimental value given by Dean [John A. 
2 5 Dean. Editor. Lange's Handbook of rhf-miciry Thirteenth Edition, McGraw- 
Hill Book Company. New York, (1985), p. 3-10.) is 0.754209 eV which 
corresponds to a wavelength of A = !644 nm. Thus, both values 
approximate to a binding energy of about 0.8 eV for normal hydride ion. 



30 



wo 00/07931 

PCTA;S99/I7I29 



65 



1.3 Hydrino Hydride Ion 

The hydrino atom H(\J2) can form a stable hydride ion, namely. 
Jhe hydrino hydride ion /i (,, = l/2). The central field of the hydrino 
atom is twice that of the hydrogen atom, and it follows from Eq. (43) 
that the radius of the hydrino hydride ion //■(;i = l/2) is one half that of 
an ordinary hydrogen hydride ion. // (« = !), given by Eq. (44). 



'•, = '-. = f (w./^l));5 = l 
The energy follows from Eq. (47) and Eq. (48). 

Bimiins Energy - E^„^„,f^J,„agnelic) - E^,,,,.0,tagne,ic) 



(48) 



10 



15 



20 



M- V£(£j*_l) 

2 



I + - — ± 

j l-t -Vj(.f-H )| 

I L 2 - JJ 



(49) 



The binding energy of the hydrino hydride ion //-(/» = 1/2) is 3.047 
according to Eq. (49), which corresponds lo a wavelength of A = 407 nm 
In general, the central field of hydrino atom H{n 1 / p); p = i„,cger is p 
times that of the hydrogen atom. Thus, the force balance equation is 



ft' 



._ 2 



1 ft' 



rV^uTT) 



(50) 



(51) 



2m/» 4n£y^ Z 2m,rl 

Where Z=l because the field is zero for r>r^. Solving for r, 

=^(l + ^R7Ti)):i=l 
'2 

From Eq. (51)^ the radius of the hydrino hydride ion /r(« = 1 //,);/, = i„teger 
is - thai of atomic hydrogen hydride, ir{n = I), given by Eq. (44). Tlte 
energy follows from Eq. (50) and Eq. (51). 

DhuJir^g Energy = - i £„^, - ,^(magnetic) - E,^^,{magneiic) 



/i'V4t-n) 



1 + 



2' 



(52) 



TABLE 1, supra, provides the binding energy of the hydrino hydride ion 
H (n = l/p) as a function of p according to Eq. (52). 
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2 rNORGANic hyt:»rqcirn and hydrogen pqlymbr compounds 

In a further embodiment of the present invention, hydrino 
hydride ions can be reacted or bonded to any atom of the periodic chart 
5 or positively or negatively charged ion ihcreof such as an alkali or 

alkaline earth cation» or a proton. Hydrino hydride ions may also react 
with or bond to any compound, organic molecule, inorganic molecule, 
organometalic molecule or compound^ metaK nonmetaU or 
semiconductor to form an organic molecule, inorganic molecule. 
1 0 compound, metal, nonmetal, organometalic, or semiconductor. 

Additionally, hydrino hydride ions may react with or bond to ordinary 
W*. ordinary H^, H*{\J p), Hl{l/p). or dihydrino molecular ions 

P 

ions such that the binding energy of ilie reduced dihydrino molecular 



Dihydrino molecular ions may bond to hydrino hydride 



1 5 ion, the dihydrino molecule 



is less than tlic binding energy 



of the hydrino hydride ion compound. 

The reactants which may react with hydrino hydride ions include 
neutral atoms or molecules, negatively or positively charged atomic and 
molecular ions, and free radicals. In one embodiment to form hydrino 
2 0 hydride containing compounds, hydrino hydride ions are reacted with a 
metal. Thus, in one embodiment of the electrolytic cell hydride reactor, 
hydrino. hydrino hydride ion, or dihydrino produced during operation at 
the catliode reacts with the cathode materia] to form a compound. In 
one embodiment of the gas cell hydride reactor, hydrino. hydrino 

2 5 hydride ion, or dihydrino produced during operation reacts with the 

dissociation material or source of atomic hydrogen to form a compound. 
A mctal-hydrino hydride material can thus be produced. 

Exemplary types of compounds of the present invention include 
those that follow. Each compound of the invention includes at least one 

3 0 increased binding energy hydrogen species. The compounds of the 

present invention may further comprise ordinary hydrogen species, in 
addition to one or more of the increased binding energy hydrogen 
species. 
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H'{\/ p)H^ ; MHy. and MJ/^ where M is an alkali cation (in the 
case of MjHj* Ihc alkali cations may be tJiffereni) and H is ai least one 
increased binding energy hydrogen species* and may opiionaHy 
comprise ai least one ordinary hydrogen species in the case of multiple 
5 //; MH^n-\ to2 where M is an alkaline earth cation and H is at least one 

increased binding energy hydrogen species> and may optionally 
comprise at least one ordinary hydrogen species in the case of multiple 
H \ MHX where M is an alkalt cation, X is a neutral atom or molecule or 
a singly negative charged anion* and // is an increased binding energy 

1 0 hydrogen species; MHX where M is an alkaline earlh cation. X is a singly 
negative charged anion, and // is an increased binding energy hydrogen 
species; MHX where M is an alkaline earth cation, X is a doubly negative 
charged anion, and H is an increased binding energy hydrogen species; 
M^HX where M is an alkali cation (the alkali cations may be different). 

15 X is a singly negative charged anion, and // an increased binding energy 
hydrogen species; MH^n = \ to 5 where M js an alkaline cation and H is at 

least one increased binding energy hydrogen species, and may optionally 
comprise al least one ordinary hydrogen species in the case of multiple 
//; Mj//, n= ! /o4 where Af is an alkaline earth cation and H is at least 

2 0 one increased binding energy hydrogen species, and may optionally 

comprise at least one ordinary hydrogen species in the case of multiple 
// (the alkaline earth cations may Ix: different); Af,X//„rt= 1 fo 3 where M 

is an alkaline earth cation, X is a singly negative charged anion, and H is 
at least one increased binding energy hydrogen species, and may 

2 5 optionally coitiprise at least one ordinary hydrogen species in the case of 

multiple // (the alkaline earlh cations may be different); M^X^H^n-l to2 

where M is an alkaline earlh cation. X is a singly negative charged 
anion, and ;/ is at least one increased binding energy hydrogen species, 
and may optionally comprise at least one ordinary hydrogen species in 

3 0 the case of multiple H (the alkaline earth cations may be different); 

M^X^H where M is an alkaline earth cation, X is a singly negative 

charged anion, and // is an increased binding energy hydrogen species 
(the alkaline earth cations may be different); M^XH^n^ \ to2 where M is 

an alkaline earth cation, X is a doubly negative charged anion, and // is 
3 5 at least one increased binding energy hydrogen species, and may 

optionally comprise at least one ordinary hydrogen species in the case of 



wo 00/07931 



PCT/WS99/17129 



68 



muliiple // (ihc alkaline earth cations may be diffcrcni): M^XX' H where 
M is an alkaline eanh caiion. X is a singly negaiive charged anion, X' is 
a doubly negaiivc charged anion, and H is an increased binding energy 
hydrogen species (the alkaline earth cations may be differcnl); 
5 MAf H^n=^\ to3 where M is an alkaline earth cation, M' is an alkali metal 
calion. and // is at least one increased binding energy hydiogen species, 
and may opiionally comprise at least one ordinary hydrogen species in 
the case of multiple W; MhfXH^n = \to2 where M is an alkaline earth 
cation, ^f is an alkali metal cation, X is a singly negaiive charged anion, 
10 and H is at least one increased binding energy hydrogen species, and 
may optionally comprise at least one ordinary hydrogen species in the 
case of multiple W; MhfXH where M is an alkaline earth cation. Af is an 
alkali metal cation, AT is a doubly negative charged anion, and H is an 
increased binding energy hydrogen species; Am XX H where M is an 

1 5 alkaline earth cation, Af is an alkali metal cation. X and r are each a 

singly negative charged anion, and H is an increased binding energy 
hydrogen species; H^Sn^\to2 where H is at least one increased binding 
energy hydrogen species, and may optionally comprise at least one 
ordinary hydrogen species in the case of multiple H \ MAlH^n^ \ to ^ 
20 where A/ is an alkali or alkaline earth cation and // is at least one 
increased binding energy hydrogen species, and may optionally 
comprise at least one ordinary hydrogen species in the case of multiple 
H\ MH^n-\ to G where Af is a transition, inner transition, or rare earth 
element caiioa such as nickel and // is at least one increased binding 

2 5 energy hydrogen species, and may optionally comprise at least one 

ordinary hydrogen species in the case of multiple H\ MNlH^n^\to6 
where M is an alkali cation, alkaline earth cation, silicon, or aluminum 
and H is at least one increased binding energy hydrogen species, and 
may optionally comprise at least one ordinary hydrogen species in the 

3 0 case of multiple //, and nickel may be substituted by another transition 

metal, inner transition, or rare earth cation; TiH^n^ltoA where H is at 
least one increased binding energy hydrogen species, and may opiionally 
comprise at least one ordinary hydrogen species in the case of multiple 
H\ Al^H^n = \ to A where H is at least one increased binding energy 
3 5 hydrogen species, and may opiionally comprise at least one ordinary 
hydrogen species in the case of multiple H\ AlH^n-\to^ where H is at 
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leasl one increased binding energy hydrogen species, and may optionally 
comprise at leasi one ordinary hydrogen species in the case of multiple 
//; MXAI)CH„n^l,o2 where M is an alkali or alkaline eanh cation, X and 
r are each a singly negative charged anion, or a double negative • 
5 charged anion. H is at leasi one increased binding energy hydrogen 
species, and may optionally comprise at least one ordinary hydrogen 
species in the case of multiple H. and another cation such as Si may 
replace Al; [Kh^KCO,l = integer where H is at least one increased 

binding energy hydrogen species, and may optionally comprise ai least 
1.0 one ordinary hydrogen species in the case of multiple H; 

[KHKOHl « = integer where H is at least one increased binding energy 
hydrogen species, and may optionally comprise at least one ordinary 
hydrogen species; [KHKNO^i « = integer wherein H is at least one 
increased binding energy hydrogen species, and may optionally 

1 5 connprisc at least one ordinary hydrogen species in the case of multiple 

fl; \KH„KNO,l = '"'cgcr where X is a singly negative charged 

anion, and H is at least one increased binding energy hydrogen species, 
and may optionally comprise at least one ordinary hydrogen species in 
the case of multiple «;|w//,Af x]. = integer comprising a neutral 

2 0 compound or an anion or cation where M and M are each an alkali or 

alkaline earth cation. X is a singly negative charged anion or a doubly 
negative charged anion, and // is at least one increased binding energy 
hydrogen species, and may optionally comprise at least one ordinary 
hydrogen species in the case of multiple W;{/W//.Afr]; nX m.n = integer 
25 wherein A/ and H arc each an alkali or alkaline earth cation. X and X 
are each a singly negative charged anion or a doubly negative charged 
anion, and H is at least one increased binding energy hydrogen species, 
and may optionally comprise at least one ordinary hydrogen species in 
the case of multiple //; |A/;/„Afr): * 'i^' "•.»,• .n.n'^imeger where M and 

3 0 AT are each an alkali or alkaline earth cation, X and X are each a singly 

negative charged anion or a doubly negative charged anion, and H is at 
least one increased binding energy hydrogen species, and may optionally 
comprise at least one ordinary hydrogen species in the case of multiple 
/f ; {Af//„Af r]; flW" = integer where W. , and M" are each an 

3 5 alkali or alkaline earth cation. X and X are each a singly negative 
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charged anion or a doubly ncgaiive charged anion, and H is ai least one 
increased binding energy hydrogen species, and may optionally 
comprise al least one ordinary hydrogen species in the case of multiple 
H\\MH^Krx\l m.m\fi,«=r integer where Af»Af,and Af' are each 

5 an alkali or alkaline earth cation, X and X are each a singly negative 
charged anion or a doubly negative charged anion, and H is al least one 
increased binding energy hydrogen species in the case of muHiple //, 
and may optionally comprise ni least one ordinary hydrogen species; 
\MHj[y nX' ;n./jr,/i,n'= integer where M is alkali or alkaline earthy 

0 organic, organometalic. inorganic, or ammonium cation. X is a singly or 
doubly negative charged anion, and // is at least one increased binding 
energy hydrogen species, and may optionally comprise at leasi one 
ordinary hydrogen species in the case of multiple U\ 
[^^LX, integer where M and M are each an alkali or 

5 alkaline earth, organic, organometalic. inorganic, or ammonium cation 
and H is at least one increased binding energy hydrogen species, and 
may optionally comprise at least one ordinary hydrogen species in the 
case of multiple H\ M{H,^)^ « = integer where M is other element such as 
any atom, molecule, or compound, and li is ai least one increased 

0 binding energy hydrogen species, and may optionally comprise at least 
one ordinary hydrogen species; M{H,^)^ integer where M is an 
increased binding energy hydrogen compound, and // is at least one 
increased binding energy hydrogen species, and may optionally 
comprise at least one ordinary hydrogen species; hV{H,^\ integer 

5 where M is other element such as an alkali, organic, organometalic, 

inorganic, or ammonium cation, and // is at least one increased binding 
energy hydrogen species, and may optionally comprise at least one 
ordinary hydrogen species; /i = integer where M is an increased 

binding energy hydrogen compound, and // is al least one increased 

0 binding energy hydrogen species, and may optionally comprise at least 
one ordinary hydrogen species; M(h,,\ /j= integer where M is other 
element such as any atom, molecule, or compound, and H is al least one 
increased binding energy hydrogen species, and may optionally 
comprise af least one ordinary hydrogen species; M{H,^\ n = integer where 

5 M is an increased binding energy hydrogen compound, and // is at least 
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one mcreascd binding energy hydrogen species, and may opiionally 
comprise a, leas, one ordinary hydrogen species: M(H,,\ „4.cger where 
M is other element such as any atom. n,olccule. or compound, and H is 
at least one increased binding energy hydrogen species, and may 
□pLonaliy comprise ai least one ordinary hydrogen species; M{li) 
« = integer where M is an increased binding energy hydrogen compound 
and // ,s a, leas, one increased binding energy hydrogen species, and 
nr.ay opuonally comprise at least one ordinary hydrogen species; M{lQ 
;. = imeger where M is other element such as any atom, molecule or " * 
compound, and H is at leas, one increased binding energy hydrogen 
spec.es. and may optionally comprise at least one ordinary hydrogen 
spec.es; M{H^I n = integer where M is an increased binding energy 
hydrogen compound, and H is at least one increased binding energy 
hydrogen species, and may optionally comprise at leas, one ordinary 
hydrogen speces; « = integer where M is other elcnent such as 

any atom, molecttlc. or compound, and H is at least one increased 
b.ndmg energy hydrogen species, and r.ay optionally comprise ai least 
one ordmary hydrogen species; M(ff^), „ = integer where M is an 
increased binding energy hydrogen compound, and H is at least one 
increased binding energy hydrogen species, and may optionally 
comprise at least one ordinary hydrogen species; 
MW,o),(«,*),(«„).(«„U//,o). ^.r,5./.« = integer wherein M is other element 
s..ch as any ato.n. molecule, or compound, each integer may be 

zero but not all .n.egcrs may be zero, the compound contains at least one 
//. the monomers may be arranged in any. order. H is at least one 
increased binding energy hydrogen species, and may optionally 
comprise a. least one ordinary hydrogen species; 
*^(^^io),(^/.«),(W»},(W«).(/f„), 9.r.J.r.« = integer wherein M is an increased 
binding energy hydrogen compound, each integer g,rM may be z^ro 
but not all integers may be zero, the compound contains at least one H 
«he monomers may be arranged in any order. H is at least one increased 
binding energy hydrogen species, and may optionally comprise at leas, 
one ordinary hydrogen species; MX where M is positive, neutral or 
negative and is selected from the list of ff,,H. H„H„ H„H,„ OH,,, 
OH,,. OH,,, MsM,H,„ NoH,H,,, H„H,0, CNH^, CH^, SiHJI,,,{H^) H,„ 
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SiHMr (W.J.. 5.- (SiH,lU„. SiH,{H^X, CH^, WWW,,, 

;/,0W/,„ (5///,),//,. (5r7/,),(//,.),. {0H„)H,,H^, 

5 . 5,-,//,,. [SiU,l{H„\ . 

(^'^'W.MW,,),. NaOS,H,(H„\. NaKHH,,, Si,H,{H,,), Si,H,{U„l. 

{SiH,)^{H„)^. Na,OSiH,{H,,),, Si,H,{H„l, Na,KH H,,. 
S'M^Ui^ No^HKHlI^, SO{H,,\{H,,), SH,{OH„)H,,H^. 50{//„),. 
Mg,H,H,,H,,H^, {SiH,\{H„\, {SiH,l{H^l, KH,0{H„\H^, KH,0[H„)^H^, 
I 0 K{OH,,)H,,H„. K.OHli^, NaKHO.H,,, NaOHNaO, H,,, HNO, 0, Rb{H„\, 

is other 

clement, and H is at least one increased binding energy hydrogen 
species, and may opiionally comprise at least one ordinary hydrogen 

1 5 species; MX where M is positive, neutral, or negative and is selected 

from the list of H,„ HJI. 11„H„ W„/f„. 0/i„, OW„. OW„, WgW, W„. NflW,H„. 
W„H,0. CW/„. CW„. 5,7/,//,,. {//„),//„. Sm,{H,,\, {H„l, H^, Si,H,H,„ 
(sm.XH,,, SiH,{H,,\, ai^, NH„. NH^, NHH^, 0//„. H,OH^, F//„. H,OH^. 
SiH.H^. Si{H„)^H„:Si{H,,\, Si,U,{H^\, Si,H,{H,X ^''Uf^^h (^'«« ),(«.»),. 

20 0,(/i.,),, SiH,{H^l. NOH^, 0,H„, HONH^. 0,H^. UfiNH^, H,0,H„. S«,W,(//„),. 

ShH^iH,,)^, (o;/„)//,.//,,. (0//„}«,«W,o- 

5i,//,„ .^i,/^„(H,6X. (^'f4),(/A*),. {SiH^XiH,,),. NoOSiH,{H„l, 

NaKHH,,, Si,H,{H^), Si,H,{n,,l. «,//,<,{//„),. Si,H,{H,,)^, (5rW,).//„. (5///,),(H„),. 

^W3^>(«,«),/A.. KH,0{H^\H,,. K{OH,,)H,,H^, K^OHH^, NaKHO,H^, 

(Jif/j),(//,jj, A^aj03(5jH,)i^5i7/(//,Jj, X is an increased binding energy 
30 hydrogen compound, and // is at least one increased binding energy 
hydrogen species, and may optionally comprise at least one ordinary 
hydrogen species; Atf(//J^ jr = integer from 8 to 10; n = integer where M is other 
element such as any atom, molecule, or compound, and H is at least one 
increased binding energy hydrogen species, and may optionally 
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comprise a( Icasi one ordinary hydrogen species; M{H ) 
X r= integer from 8 lo 10; n = integer where M is an increased binding energy 
hydrogen compound, and // is ai least one increased binding energy 
hydrogen species, and may optionally comprise at least one ordinary 
5 hydrogen species; M'{HX imeger from M io 18; imcger where M is 
other element such as an alkali, organic, organomctalic. inorganic, or 
ammonium cation, and H is at least one increased binding energy 
hydrogen species, and may optionally comprise at least one ordinary 
hydrogen species; x= integer from 14 to 18; « = integer where M is an 

1 0 increased binding energy hydrogen compound, and H is at least one 

increased binding energy hydrogen species, and may optionally 
comprise al least one ordinary hydrogen species; M{H,) 
x = integer from 14 to 18; n = integer where M is other element such as any 
atom, molecule, or compotmd. and H is at least one increased binding 
15 energy hydrogen species, and may optionally comprise at least one 

ordinary hydrogen species; x integer from 14 to 18; n = integer where 

M is an increased binding energy hydrogen compound, and // is at least 
one increased binding energy hydrogen species, and may optionally 
comprise at least one ordinary hydrogen species; M{H,) 

2 0 jr = integer from 22 to 26; /i = integer where M is other element such as any 

atom, molecule, or compound, and // is at least one increased binding 
energy hydrogen species, and may optionally comprise at least one 
ordinary hydrogen species; ' = 'n«c8cr from 22 to 26; « = integer where 

M is ati increased binding energy hydrogen compound, and H is at least 

2 5 one increased binding energy hydrogen species, and may optionally 

comprise at least one ordinary hydrogen species; 

Jt = integer from 58 to 62; « = integer where M is other clement such as any 
atom, molecule, or compound, and // is ai least one increased binding 
energy hydrogen species, and may optionally comprise at least one 

3 0 ordinary hydrogen species; A/(//,) x = integer from 58 to 62; n = integer where 

M is an increased binding energy hydrogen cqjiipound. and H is at least 
one increased binding energy hydrogen species, and may optionally 
comprise at least one ordinary hydrogen species; M{H,) 
jr = integer from 68 to 72; « = integer where M is other element such as any 
3 5 atom, molecule, or compound, and H is at least one increased binding 
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energy hydrogen species, and may optionally comprise a. Icasl one 
ordinary hydrogen species; M//.), . = .n.egcr from 68 ,o 72; „ = i„.c,cr where 
M ,s an increased binding energy hydrogen compound, and H is a. leas, 
one increased binding energy hydrogen species, and may opuonaUy- 
comprise at least one ordinary .hydrogen species; 

),{«,),(//,. },{//.). 9,»-.i.M/ = integer; x = integer from 8 to 12; 
x*= integer from N to 18; integer from 22 to 26; /= integer from 58 to 62- 
z = .n.egerfrom68.o72 wherein M is other elemcnl such as any atom 
molecule, or compound, each integer ^,r,sj,u may be zero but not all 
mtegers may be zero, the compound contains at least one H (he 
monomers may be arranged in any order. // is at leas, one 'increased 
b.nd.ng energy hydrogen species, and may optionally comprise a. leas, 
one ord.«ary hydrogen species; M«J,(«..X(//.).(W..),{/f.). ,.r...r.« = i„,eger• 
x= .meger from 8 ,o I2; .•=in,egerfroml4,ol8; integer from 22 to 26- 
> = mteger from 58 ,0 62; ^ = i„,eger from 68 ,0 72 wherein M is an increased 
b.nd.„g energy hydrogen compound, wherein each integer ^ r s . u m-^y 
be zero but no. all integers may be zero, the compound contains at leas, 
one H, he monotners may be arranged in any order, H .s a. leas, one 
.ncreased binding energy hydrogen species, and may optionally 
comprise at leas, one ordinary hydrogen species; 
[fCUKOHUKH^KOnllKH KHCO,1{KHCO,1[k,CO,1 . j.^ger 

wherein each integer p.,.r.s, may be zero but not all integers may be 
zero, the compound contains at least one //. the monomers may be 
arranged .„ any order. // is at least one increased binding energy 
hydrogen species, and may optionally comprise at least one ordinary 
hydrogen species; 

l^^Q}^^ ^.UkH^KCO.UKH^KNO.I nX-[KIiKNO,] [KHKOH] [mH M- X] 

wherein M, Af . and are each an alkali or alkaline earth, organic 
organometalic, inorganic, or ammonium ca.ion. X and X are each a' 
smg y negative charged anion or a doubly negative charged anion, each 
•nteger n.n ,n,,m ,p.q,r,sj may be zero but no. all integers may be zero 
the compound contains at least one //. ,he monomers may be arranged 
m any order. // is a. leas, one increased binding energy hydrogen 
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species, and may opiionaUy comprise at least one ordinary hydrogen 
species ill ihc case of muitiplc W; 

[KHKOHl\MH„M'Xl{MJiJf)C]y n X-\MHjr X];' l-Af'[MW„f n- . 

5 {mhX n hf • m'h;,[khkohI[k}i,koii\\kh KHCOX\Knco,l[K,co,\ 

'^■■(^^io),.(W,J,.(W„)^.{W4o)_,(//,„)^ ".'>'.'"."»'./'.9.r.j./,9',r-.5-/,u = integers wherein 
M, AT, and Af are each an alkali or alkaline earth, organic, 
organomctalic. inorganic, or ammonium cation, M"' is other clement. X 
and X' are a singly or doubly negative charged anion, each integer 

10 n,n\,nM.p,q,r.ij.q\r\s\t\u may be zero but not all integers may be zero, 
the compound contains at least one H. the monomers may be arranged 
in any order, // i$ at least one increased binding energy hydrogen 
species, and may optionally comprise at least one ordinary hydrogen 
species in the case of multiple //; 

15 \MH„]XMM'H„l\KU„KCO,\[KH,KNO,l nX-\KHKNO,l 

\KHK0HI\MH„M-XI[MH^MTY;' riX-[MHJfXY/ '"'Ar-lA/H^f * n' 

[mhX' ri M- ^ Arn;, [khkohi[kh,kouI[kh khco,1[khco,1[k,co,1 

^ ('^o),('A«),(W„),.(//«,),(//,o)_^ p.4.'-.j./,<j-,r,j*.r,M = integers wherein 

M, M-, and Af are each an alkali or alkaline earth, organic. 

2 0 organomctalic. inorganic, or ammonium cation, A-f is an increased 
binding energy hydrogen compound. X and X' arc a singly or doubly 
negative charged anion, each integer n.n\m.m\p,q.r.,.t.q',r'.^ ,,',u may be 
zero but not all integers may be zero, the compound contains at least one 
//. the monomers may be arranged in any order. H is at least one 

25 increased binding energy hydrogen species, and may optionally 

comprise at least one ordinary hydrogen species in the case of muitiplc 
H>\MH^l[M\fH„l{KH^KCO,l{KH^KNO,l nr{KHKNO,] 
[KHKOH],{MH„AfXl\MH„AfX'];'' n X-[Ai//„Af JT);- n'M-^lMH^' nX' 

[MH„ )- - „• Af • Ar H- \khkoh]Xkh,koh\\kh khco,\[khco,\Xk}:o,\ 

^•■(«.),(W.),{A/,);(//,},.{//J. ''.n.m.,«.p.9.r.s./.9-.r-.Ar.„ = imegers; 
X = integer from 8 lo 12; jc' integer from 1 4 to 1 8 ; y = integer from 22 to 26; 
y = integer from 58 to 62 ; z = integer from 68 to 72 wherein A* , Af , and Kf' arc 
each an alkali or alkaline earth, organic, organomctalic. inorganic, or 
ammonium cation. Af " is other element. X and X" are a singly or doubly 



30 



wo 00/07931 



PCTAJS99/I7I29 



7 6 



I 5 



25 



30 



negative charged anion, each integer n,n .,„.,„• .p,<),,,sj.g .r .s' .r „ may be 
zero but noi all integers may be zero, the compound contains a. leas, one 
H, the monomers may be arranged in any order. « is at least one 
increased binding energy hydrogen species, and mav optionally 
5 comprise ai least one ordinary hydrogen species iu (he case of muhiple 
f^■.['^^"M'^M•H„l[Kf^^KCO,l[KH,KN0,\' nX-[KHKNO,] 
{KHKOHi[Am^Arxl[MH^M')Cr- X-[MH„^f X-X' f n X' 

[Mll,]:- n'M' M'H^,[KHKOUl\KH,KOH\\KHKHCO,\\KHCO,] \k,CO,\ 

10 x = integer from 8 to 12; x' = integer from 14 to 18 ; = integer from 22 to 26- 

y = mteger from 58 to 62; z = integer from 68 to 72 wherein M, Af . and' Af ' are 
each an alkali or alkaline earth, organic, organometalic. inorganic or 
ammon.um cation. M"' is an increased binding energy hydrogen 
compound. X and X" arc a singly or doubly negative charged anion each 
integer n,n\m.,„-.p.q.r.sj,^\r\s',,- .u may be zero but not all integers' may 
be 7,cro. the compound contains at least one «. the monomers may be 
arranged .n any order. // is at least one increased binding energy ' 
hydrogen species, and may optionally comprise at least one ordinary 
hydrogen species in the case of nmltiple H ; 
20 \MH„l[MAfH,l[KH^KCO,l\KH„KNO,Y nX-[KHKNO,] 

[}(HKOinAMfL^fXi\MH„Af)C]:' „• X' [MH^Af X-f- rfM-fAfW j-' n' X' 
{MUJ/ „• A/7frJ/f//m/),|/f//,A:0/f]^[CT/fWC0,),(CT/C0,IJ/;',C0,), 
^''i'OAfiM"M",)MO. «."•.«.'»• .P.^.r.i.f.q-.r'.y integers: ' 
^ = integer from 8 tol2; x'= integer from 14 to 18; y = integer from 22 to 26' 
y = integer from 58 to 62; z = integer from 68 to 72 wherein W.Af.and Af are 
each a metal such as silicon, aluminum. Group III A elements. Group IVA 
Clements, a transition metal, inner transitioti metal, tin. boron, or a rare 
earth, lanthanidc, an alkali or alkaline earth, organic, organometalic 
inorganic, or ammonium cation. M"' is other element. X and X' are a 
singly or doubly negative charged anion, each integer 
'',n\m.m\p.q,r.sj,q\,'.s',f,u may be zero but not all integers may be zero 
the compound contains at least one //. the monomers may be arranged' 
in any order, // is at least one increased binding energy hydrogen 
spec.es, and may optionally comprise at least one ordinary hydrogen 
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species in the case of muliiple «; 
{'^'Q.il^'^ 'Q.\KlL>(CO,l[KH^KNO,]l „X- \KHKNO,] 
lKHKOHi\MHjrXi[MH„M'X'\:' ri X-\MH,Af X'T^' f ' „■ X' 

[MH^;- '^^r'M'H;AKHKOHl\KH,KOH}J{KHKHCO,i\K^^^ 

".''•.'«.»'-./>.9.^..,/.?.r.y.,-.u = in,cgcrs; ' 
X = integer from 8 lo 12; integer from 14 to 18; >-= integer from 22 to 26; 
y = integer from 58 to 62; z = integer from 68 to 72 wherein W. Af.and Af are 
each a metal such as silicon, aluminum. Group 111 A elements. Group FVA 
clcmcnls. a transition metal, inner transition metal, tin, boron or a rare 
earth. lartthanide. an alkali or alkaline earth, organic, organometalic 
inorganic, or ammonium cation. AT" is an increased binding energy 
hydrogen compound. X and X* are a singly or doubly negative charged 
amon. each integer n.n' .„,,,„■ ,p.q,r,s,t4 .r J ,r ,u may be zero but not ail 
integers may be zero, the compound contains at least one // the 
monomers may be arranged in any order. H is at leasi one increased 
binding energy hydrogen species, and may optionally comprise a. least 
one ordinary hydrogen species in the case of multiple //. 

Exemplary silanes. siloxanes. and silicates that may form polymers 
each have unique observed characteristics different from those of the 
corresponding ordinary compound wherein the hydrogen content is only 
ordinary hydrogen H. The observed characteristics wltich are dependent 
on the increased binding energy of the hydrogen species include 
stoichiometry. stability at elevated temperature, and stability in air. 
Exeniplary compounds are: 

MSil{^n = \to6 where M is an alkali or alkaline earth cation and H 
is at least one increased binding energy hydrogen species, and may 
optionally comprise at least one ordinary hydrogen species in the case of 
multiple //; MXSiH,n = \to5 where M is an alkali or alkaline earth cation. 
Si may be replaced by Al, Ni. transition, inner transition, or rare earth 
element, X is a singly negative charged anion or a double negative 
charged anion, and // is at least one increased binding energy hydrogen 
species, and may optionally comprise at least one ordinary hydrogen 
species in the case of multiple //; M,SiH,n = \,cZ wherein M is an alkali 
or alkaline earth cation (the cations may be different) and H is at least 
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one incrensecl binding energy hydroocn species, and may optionally 

W. S.,H„n = Uo8 wherem W ,s a. least one increased binding energy 

ItvdZn" ^P'''"'.^"t '^P'-^-'Iy --P-e at least one ordinary 
hydrogen spec.es ,n the case of multiple // ; 5///„ = , ,^ g therein // is a, 

leas, one increased binding energy hydrogen species, and may optionally 
co.npr,se at least one ordinary hydrogen species in the case of m'.tiplc 
«.5-.^/.«=..n,cger wherem H ,s at least one increased binding energy 
hydrogen species, and may optionally comprise at least one ordinary 
hydrogen spec.es; 5/.//, n = integer wherein H is at leas, one increased 
binding energy hydrogen species, and may optionally comprise at least 
one ordinary hydrogen species; Si,H,„o = int., ./wherein W t at 
leas, one increased binding energy hydrogen species, and may optiontllv 
compr.se at leas, one ordinary hydrogen species; .i,//,..,Ax.y^intege; ' 
wheretn // ,s at least one .ncreased binding energy hydrogen species 
and n,ay op„onally comprise at least one ordinary hydrogen soccics ' 
^',//.O...y = i„.eger wherein H is a, least one increased bfndinrene.gy 
hydrogen species, and may optionally comprise at least one ordinary 
hydrogen spec.es; • //^O « = imegc; wherein H is at leas, one 

increased bind.ng energy hydrogen species, and may optionally 
compr.se at least one ordinary hydrogen species; Si^H, ".^ integer 
wherem // is at least one increased binding energy hydrogen species, 
and may optionally comprise at least one ordinary hydrogen species" 
•y'.//,,..0,x.y=.ntcger wherein // is at least one increased binding energy 

lltllT Zt "P"""'"^ ""^^ "'^'^ ordinary 

hydrogen spec.es; MS^Jl^o, „ = integer wherein Vi/ is an alkali or alkaline 

earth cafon and H is at least cte increased binding energy hydrogen 
spec.cs. and may optionally comprise at least one ordinary hydrogen 
spec.es; MS,,JJ^,0,„ « = integer wherein M is an alkali or alkaline earth 
cation and // is at least one increased binding energy hydrogen species, 
and n,ay optionally comprise at leas, one ordinary hydrogen spec.es; 
K^'M ^.'-.-.P-mteger wheretn M is an alkali or alkaline earth cation 
and // ,s at least one increased binding energy hydrogen species, and 

case ol multiple //. M^S,,H^ ?.».». = integer wherein M is an alkali or 
alkaline earth cation and H is at least one increased binding energy 
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hydrogen species, and may opiionally comprise ai Icasi one ordinary 
hydrogen species in \ht case of mulliple H\SiJIJ)^ ;i.fM./^= integer wherein 
H is at icasl one increased binding energy hydrogen species, and may 
opiionaJiy comprise 2\ least one ordinary hydrogen species in ihe case of 
5 multiple H\ Si^H„ /»,ni = integer wherein H is at Icasl one increased binding 
energy hydrogen species, and may optionally comprise al least one 
ordinary hydrogen species in the case of multiple //; « = 1 /o 6 

wherein // is at least one increased binding energy hydrogen species, 
and may opiionally comprise at least one ordinary hydrogen species in 
0 the case of multiple //; MSiOJi^n^l to b wherein M is an alkah or 
alkaline earth cation and // is at least one increased binding energy 
hydrogen species, and may optionally comprise al least one ordinary 
hydrogen species in the case of multiple U\ MSi^U^n^\to\A wherein M is 
an alkali or alkahne earth cation and H is al least one increased binding 

5 energy hydrogen species, and may optionally comprise at least one 
ordinary hydrogen species in the case of mulliple // ; M,5i7/, n = I /a S 
wherein M is an alkali or alkaline earth cation and H is al Icasl one 
increased binding energy hydrogen species, and may opiionally 
comprise al least one ordinary hydrogen species in ihe case of multiple 

0 //; and polyalkylsiloxane wherein // is al least one increased binding 
energy hydrogen species, and may optionally comprise at least one 
ordinary hydrogen species in the case of mwliiple //; jc = integer; 

y = inicgcr from 2x4 2 to 4x; 2 = integer wherein // is at least one increased 
binding energy hydrogen species, and may optionally comprise at least 

5 one ordinary hydrogen species. 

Examples of ihe singly negative charged anions disclosed herein 
include but are not limited to halogen ions, hydroxide ion, hydrogen 
carbonate ion, and nitrate ion. Examples of the doubly negative charged 
anions disclosed herein include but are not limited to carbonate ion, 

0 oxides, phosphates, hydrogen phosphates, and sulfate ion. 

Preferred metals Af of increased binding energy hydrogen 
compounds having a formulae such as Af//^ « = !/<> 8 wherein H is at least 
one increased binding energy hydrogen species, and may optionally 
comprise at least one ordinary hydrogen species in the case of multiple 

5 H include the Group VIB (Cr, Mo, IV) and Group IB {Cu^Ag.Au) elements. 
The compounds are useful for purification of the metals. The 
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purificaiion is achieved via formation of the increased binding energy 
hydrogen compounds that have a high vapor pressure, tach compound 
is isolated by cryopumping. 

in an embodiment of a superconductor of reduced dimensionality 
5 of the present inveniion, at least one increased binding energy hydrogen 
species, and optionally at least one ordinary hydrogen species, is reacted 
with or bonded to a source of electrons. The source of elections may be 
any positively charged other element such as any atom of the periodic 
chart such as an alkali, alkaline earth, transition metal, inner transition 
10 metal, rare earth, lanihanide. or actinide cation to form a structure 

described by a lattice described in 99 Mills GUT (pages 270-289 which 
arc incorporated by reference). Exemplary superconductors can be 
formulated from an increased binding energy hydrogen polymer, an 
inorganic increased binding energy hydrogen polymer, a metal hydrino 
hydride polymer, an alkali-transition metal hydrino hydride polymer, 
and a compound comprising a neutral, positive, or negative polymer of 
increased binding energy hydrogen species. 

A xerographic toner may comprise an increased binding energy 
hydrogen compound. The toner may be a mixture of an increased 
binding energy hydrogen compound and at least one additional 
compound or material such as a carbon compound. Increased binding 
energy hydrogen compounds that have one or more of the following 
properties. 1.) readily form stable charge ions. 2.) form highly charged 
ions. 3.) attach to carrier panicles, and 4.) bind to a substrate such as 

2 5 paper, are preferred toner compounds. Exemplary ions and compounds 

are polyhydrogcn ions such as NaH^H^;, Oh;, //- , and silancs which may 
form positive or negative ions such as Si,n,{H,^) x = integer; 
y-integcr from 2x + 2. o 4x; ^ = integer wherein M is at least one increased 
binding energy hydrogen species, and may optionally comprise at least 

3 0 one ordinary hydrogen species. 

Magnetic increased binding energy hydrogen compounds such as 
metal hydrino hydrides, alkali-transition metal hydrino hydrides, and 
polyhydrogcn compounds may be useful as magnets, magnetic materials, 
or may comprise a magnetic computer memory storage material to coat 
3 5 a noppy disk for example. The compound may have the formula MH, 
wherein n is an integer from 1 to 6. M is a transition element, an inner 
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transition clemeiu. a rare earJh element, or Ni. and Jhe hydrogen comeni 

of ilie compound comprises at least one increased binding "energy 
hydrogen species. The compound may have the formula MNiH^ wherein 
n is an integer from I to 6. M is an alkali cation, alkaline earth cation 
silicon, or aluminum, and the hydrogen contem H„ of the compound 
comprises at least one increased binding energy Itydrogcn specjes The 
compound may have the formula WAT//, wherein n is an integer from 1 
to 6. M is an alkali cation, alkaline earth cation, silicon, or aluminum. M* 
is a transition element, inner transition element, or a rare earth element 
cation, and the hydrogen content H, of the compound The compouml 
may have the formula wherein q, r. s. t. and u 

are each an integer including zero but not all zero. M is other element 
such as any atom, molecule, or compound, and the hydrogen content 
('^io),(^.6),(W„),(W«,),(//,oX of ilie compound comprises at least one 
15 increased binding energy hydrogen species. The compound may have 
the formula (//^) wherein q. r. s. i, and u .nre each 

an integer including zero but not all wro, M is an increased binding 
energy hydrogen compound, and the hydrogen content 
(".o),(//.»l{"«),(W«,UW„). of the compound comprises at least one 
20 increased binding energy hydrogen species. 

Increased binding energy hydrogen compounds comprising a 
desired clement may be synthesized by placing Uic element in the gas 
cell hydrino hydride reactor. The element may be a foil. For example, 
gold hydrino hydride may be synthesized by placing a gold foil or gold 
containing substrate into a gas cell such as a gas cell comprising a 
titanium dissociator and a Kl or KBr catalyst. The gold hydrino hydride 
Film that forms may be analyzed by TOFSIMS. Magnetic compounds 
such as nickel, cobalt, or samarium hydrino hydride may be synthesized 
by placing foils of these elements in a gas cell hydrino hydride reactor. 
These metal hydrino hydrides may be useful as magnets, magnetic 
materials, as computer memory storage materials, or wherever magnetic 
properties arc desired. Actinide, lanthanide, silanes, and semiconductor 
hydrino hydride compounds may be synthesized by placing the reaciant 
aciinidcs. lanthanides, silicon, and semiconductors such as gallium in the 
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oas cell hydrino hydride reactor. The products may be collcclcd from 
the cell, purified, and analyzed by TOFSIMS. 

2a. METHOD OF ISOTOPE S EPARATION 
5 The selectivity of hydrino atoms and hydride ions to form bonds 

with specific isotopes based on a differential in bond energy provides a 
means to purify desired isotopes of elements such as '^^U and The 
term isotope as used herein refers to any isotope given in the CRC which 
is herein incorporated by reference (R. C. Weast. Editor, CRC Handbook nf 
10 Chcrpistry and Physjcs, 58th Edition, CRC Press, (1977), pp.. B-270-B- 
354}. Differential bond energy can arise from a difference in the 
nuclear moments of the isotopes, and with a sufficient difference ihcy 
can be separated. 

A method of isotope separation comprises the step of reacting an 

1 5 clement or compound having an isotopic mixture containing the desired 

clement with an increased binding energy hydrogen species in atomic 
percent shortage based on the stoichiometric amount to fully react with 
the desired isotope. The increased binding energy hydrogen species is 
selected such that the bond energy of the reaction product is dependent 

2 0 on the isotope of the desired element. Thus, an increased binding 

energy species can be selected such that the predominant reaction 
product contains at least one increased binding energy hydrogen species 
bound to the desired isotope. The compound comprising ai least one 
increased binding energy hydrogen species and the desired isotope can 

2 5 be separated from the reaction mixture. The increased binding energy 

hydrogen species may be separated from the desired isotope to obtain 
tlic desired isotope. The recovered isotope may be reacted with the 
increased binding energy hydrogen species and these steps may be 
repeated to obtain a desired level of enrichment. The use of the term 

3 0 "isotope" in this context includes an individual clement as well as 

compounds containing the desired elemental isotope. 

A method of isotope separation comprises the step of reacting an 
elenieni or compound having an isotopic mixture containing the desired 
element with an increased binding energy hydrogen species to bond 
3 5 with the undesired isotope. Since the bond energy of the reaction 
product is dependent on the isotope of the undesired clement, an 
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increased binding energy species can be sclecied such ihal the 
predominant reaciion produce coniains ai least one increased binding 
energy hydrogen species bound lo ihc undesired isotope, and the 
desired isotope remains substantially unbound. The compound 
5 comprising at least one increased binding energy hydrogen species and 
the undesired isotope can be separated from the reaction mixture to 
obtain the desired isotope. !f less than a stoichiometric amount of 
increased binding energy hydrogen is used, these steps may be 
repeated until the desired level of enrichiDenl is obtained. The use of 
1 0 the term "isotope" in this context includes an individual element as well 
as compounds containing the desired elemental isotope. 

A method of isotope separation comprises the step of reacting an 
element or compound having an isotopic mixture containing the desired 
element with an increased binding energy hydrogen species in atomic 

1 5 percent shortage based on the stoichiometric amount to fully react with 

the undesired isotope. Since the bond energy of the reaction product is 
dependent on the isotope of the undesired element, an increased 
binding energy species can be selected such that the predominant 
reaction product coniains at least one increased binding energy 
20 hydrogen species bound to the undesired isotope, and the desired 

isotope remains substantially unbound. The compound comprising at 
least one increased binding energy hydrogen species and the undesired 
isotope can be separated from the reaction mixture to obtain the 
desired isotope. The recovered enriched desired isotope may be reacted 

2 5 with the increased binding energy hydrogen species and these steps 

may be repeated to obtain a desired level of enrichment. The use of the 
term "isotope" in this context includes an individual element as well as 
compounds containing the desired elemental isotope. 

Sources of reaciani increased binding energy hydrogen species 

3 0 include the electrolytic cell, gas cell, gas discharge cell, and plasma torch 

cell hydrino hydride reactors of the present invention and increased 
binding energy hydrogen compounds. The increased binding energy 
hydrogen species may be an increased binding energy hydride ion. The 
compound comprising at least one increased binding energy hydrogen 
3 5 species and the desired isotopically enriched clement can be separated 
by any conventional method. In a further embodiment^ the compound 
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ca. be reacted ,o form a different compound. The increased binding 
energy hydrogen species can be separated from ,he desired isoiope or 
compound containing the isotope, for exan,ple. by a decomposition 
reaction such as a plasma discharge or plasma torch reaction or 
d.splacement reaction of the increased binding energy hydrogen 
species. * 

For example, a hydrino hydride electrolytic cell can be operated 
wuh a K^CO, catalyst. Increased b.nding energy hydrogen compTu„ds 
such as KHK"OH and KM^'OH form preferentially. The electrolyte 
comprising a mixture of catalyst. KHK"OH . and KHK"OH may be 
concentrated and KHK"OH and KHK^OH allowed to precipitate to yield 
co,npot,nds which are isotopically enriched in "O or "O. compared to 

Another method to obtain "o and comprises reacting a 
hydnno hydride compound such as KH;i with a source of oxygen such 
as water to form KHKOU which is enriched in "O and "o. The desired 

2TnVT''' 7' decomposing the 

AHKOH by methods such as thermal decomposition 

with a^'Tm ' ''^f"'' electrolytic cell can be operated 

w..h a K,CO, catalyst. Increased binding energy hydrogen compounds 
such as KHK-OH and RHK"OH form preferentially. The electrolyte 
comprismg a mixture of catalyst. KHK»OH, and KHK»OII may be 

concentrated and KHK"OH anH kuy^^rMt j . . 

I u f.ttK UH and KHK OH allowed to precipitate to yield 

compounds in which arc isotopically enriched in '«0 

Differential bond energy can arise from a difference in the nuclear 
moments of the isotopes and/or a difference in masses of the isotopes, and 
w. h a sufHcien, difference they can be separated. This mechanism ctin be 
enhanced as the temperature is reduced. Thus, separation can be 
enhanced by forming the increased binding energy compounds and 
performing the separation at lower temperatures. 

The mass of tritium is the largest of any hydrogen isotope, and the 

Ten] nT"'n' "^h"^' electrolyte of a - 

K,CO,l D,0 cell may become enriched in tritium compounds during 

electrolysis due to selective bonding of the tritium isotope to form hydrino 
hydrtde compounds. These compounds may be isolated and decomposed 
to release tntium. ^ 
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3. EXPERIMKNTAI 

31 gYPlhesis and l.^olaiion of Inorganic Hvdm( >^n P^fym er rnmp n^.n^c 
3.1.1 ElcctrolyUc Cell Hydrino Hydride Reacior 



An eleclrolyiic cell hydride reactor of the present invention is 
shown in FIGURE i. An electric current is passed through an electrolytic 
solution 102 contained in vessel 101 by the application of a voltage. The 
voltage is applied to an anode 104 and cathode 106 by a power 
controller 108 powered by a power supply 110. The electrolytic solution 
102 contains a catalyst for producing hydrino atoms. 

According to one embodiment of the electrolytic cell hydride 
15 reactor, cathode 106 is formed of nickel cathode 106 and anode 104 is 
formed of platinized titanium or nickel. The electrolytic solution 102 
comprising an about 0.5M aqueous K,CO, electrolytic solution {K'/K' 
catalyst) is clecirolyzed. The cell is operated within a voltage range of 
1.4 to 3 volts. In one embodiment of the invention, the electrolytic 
20 solution 102 is molten. 

Hydrino atoms form at the cathode 106 via contact of the catalyst 
of electrolyte 102 with the hydrogen atoms generated ai the cathode 
106. The electrolytic cell hydride reactor apparatus further comprises a 
source of electrons in contact with the hydrinos generated in the cell, to 
25 form hydrino hydride ions. The hydrinos arc reduced (i.e. gain the 
electron) in the electrolytic cell to hydrino hydride ions. Reduction 
occurs by contacting (he hydrinos with any of the following: 1.) the 
cathode 106. 2.) a reductant which comprises the cell vessel 101. or 3.) 
any of the reactor's components such as features designated as anode 
104 or electrolyte 102. or 4.) a reductant 160 extraneous to the 
operation of the cell (i.e. a consumable reductant added lo the cell from 
an outside source). Any of these reductants may comprfse an electron 
source for reducing hydrinos to hydrino hydride ions. 

A compound may form in the electrolytic cell between the hydrino 
hydride ions and cations. The cations may comprise, for example, any of 
the cations described herein, in particular an oxidized species of the 



wo 00/07931 



PCT/US^/17129 



86 



matcriol of (he cathode or anode, a cation of an added rcdiictani, or a 
cation of the elccirolyic <such as a cation comprising ihc catalyst). 

Inorganic hydrogen polymer compounds were prepared during the 
electrolysis of an aqueous solution of AT^CO, corresponding to the catalyst 
5 K' f K\ The cell comprised a 10 gallon (33 in. x IS in.) Nal*>enc tank 
(Model # 54 100-0010). Two 4 inch long by 1/2 inch diameter terminal 
bolls were secured in the lid, and a cord for a calibration heater was 
inserted through (he lid. The cell assembly is shown in FIGURE I. 

The cathode comprised I.) a 5 gallon polyethylene bucket which 

10 served as a perforated (mesh) support structure where 0.5 inch holes 
were drilled over all surfaces at 0.75 inch spacings of the hole centers 
and 2.) 5000 meters of 0,5 mm diameter clean, cold drawn nickel wire 
(NI 200 0.0197-, HTN36NOAG1. Al Wire Tech. Inc.). The wire was 
wound uniformly around the outside of the mesh support as 150 

15 sections of 33 meter length. The ends of each of the 150 sections were 
spun to form three cables of 50 sections per cable. The cables were 
pressed in a terminal connector which was bolted to the cathode * 
terminal post. The connection was covered with epoxy to prevent 
corrosion. 

2 0 The anode comprised an array of 15 platinized titanium anodes 

(10 - Engelhard VxiTi mesh 1.6" x 8^ with one 3/4^ by 7*- stem attached 
to the J. 6" side plated with 100 U series 3000; and 5 - Engelhard 1" 
diameter x 8" length titanium tubes with one 3/4" x 7" stem affixed to 
the interior of one end and plated with 100 U Pi scries 3000). A 3/4" 

25 wide tab was made at the end of the stem of eacli anode by bending it at 
a right angle to the anode. A 1/4 ' hole was drilled in the center of each 
tab- The tabs were bolted to a 12.25" diameter polyethylene disk 
(Rubbermaid Model #JN2-2669) equidisiantly around the 
circumference. Thus, an array was fabricated having the 15 anodes 

30 suspended from the disk. The anodes were bolted with 1/4" 

polyethylene bolls. Sandwiched between each anode lab and the disk 
was a flattened nickel cylinder also bolted to the tab and the disk. The 
cylinder was made from a 7.5 cm by 9 cm long x 0.125 mm thick nickel 
foil. The cylinder traversed the disk and the other end of each was 

3 5 pressed about a 10 AWG/600 V copper wire. The connection was 

sealed with shrink tubing and epoxy. The wires were pressed into two 
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terminal conneciors and bolted to the anode tcrminaL The connection 
was covered with epoxy lo prevent corrosion. 

Before assembly, the anode array was cleaned in 3 M HCL for 5 
mimucs and rinsed with distilled water. The cathode was cleaned by 
placing it in a tank of 0.57 M K,CO,/i% H,0, for 6 hours and then rinsing 
il with distilled water. The anode was placed in the support between 
ihe central and outer cathodes, and the electrode assembly was placed in 
the tank containing electrolyte. The power supply was connected ro the 
terminals with battery cables. 

The electrolyte solution comprised 28 liters of 0.57 M K CO (Alfa 
KjCOj 99±%). ' ' 

The calibration heater comprised a 57.6 ohm 1000 wan Incolloy 
800 jacketed Nichrome heater which was suspended from the 
polyethylene disk of the anode array, h was powered by an Invar 
constant power (± 0.1% supply (Model HTP 36-18). The voliage (± 
0.1%) and current (± 0.1%) were recorded with a Fluke 8600A digital 
multimeter. 

Electrolysis was performed at 20 amps constant current with a 
constant current (± 0.02%) power supply (Kcpco Model « ATE 6 - 
20 lOOM). 

The voltage {± 0.1%) was recorded with a Fluke 8600A digital 
multimeter. The current (± 0.5%) was read from an Ohio Semitronics 
CTA 101 current transducer. 

The temperature (± 0.1 ■'C) was recorded with a microprocessor 

25 thermometer Omega HH21 using a tyijc K thermocouple which was 

inserted through a 1/4" hole in the tank lid and anode array disk. To 
eliminate the possibility that temperature gradients were present, the 
temperature was measured throughout the lank. No position variation 
was found to within the detection of the thermocouple 

30 (±0.|»C). 

The temperature rise above ambient 
i&T=T(electrolysisonly)-T(blank)) and electrolysis power were recorded 
daily. The heating coefficient was determined "on the fly" by turning an 
internal resistance heater off and on. and inferring the cell constant from 

3 5 the difference between the losses with and without the heater. 20 watts 
of heater power were added to the electrolytic cell every 72 hours 
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where 24 hours was allowed for steady siaie to be achieved. The 
lempcraiurc rise above ainbieiu (^^T, = T(elec„olysis^/,ea,et)-TU,lo„k)) was 
recorded as well as the electrolysis power and heater power. 

In all temperature measurements, the "blank' comprised 28 hters 
5 of water in a 10 gallon (33" x 15-) Nalgenc tank with lid (Model J/54100- 
0010). The stirrer comprised a 1 cm diameter by 43 cm long glass rod 
lo which an 0.8 cm by 2.5 cm Tenon half moon paddle was fastened at 
one end. The other end was connected to a variable speed stirring motor 
(Talboys Instrument Corporation Model 1i 1075C). The stirring rod was 
I 0 rotated at 250 RPM. 

The "blank" (nonclcctrolysis cell) was stirred lo simulate stirring in 
the electrolytic cell due to gas sparging. The one watt of heat from 
Stirring resulted in the blank cell operating at 0.2 »C above ambient 

•n.c leinperatnrc (± 0.1 °C) of the "blank" was recorded with a 
microprocessor thermometer (Omega HH21 Series) which was inserted 
through a 1/4" hole in the tank lid. 

A cell that produced 6.2 X w' J of enthalpy of formation of 
increased binding energy hydrogen compounds was operated by 
BlackLight Power. Inc. (Malvern, PA), hereinafter "ULP Electrolytic Cell" 
The cell was equivalent to that described herein. The cell description is 
also given by Mills et al. |R. Mills. W. Good, and R. Shaubach. Fusion 
Technol. 25. 103 (1994)] except that it lacked the additional central 
cathode. 

Thermacorc Inc. (Lancaster, PA) operated an electrolytic cell 
described by Mills ct al. (R. Mills, W. Good, and R. Shaubach. Fusion 
Technol. 25. 103 (1994)1 herein after "Thermacore nicctrolytic Cell". This 
cell had produced an enthalpy of formation of increased binding energy 
hydrogen compounds of 1.6X10' J that exceeded the total input enthalpy 
given by the product of the electrolysis voltage and current over time by 
3 0 a factor greater than 8. 

Idaho National Engineering Laboratory (INEL) operated (Jacox. M. 
G.. Watts. K. D.-, "The Search for Excess Heat in the Mills Electrolytic Cell", 
Idaho National Engineering Laboratory. EG&G Idaho. Inc.. Idaho Falls 
Idaho. 83415, January 7. 1993] a cell, hereinafter "INEL Electrolytic Cell" 
identical to the Thermacore Electrolytic Cell except thai it was minus the 
central cathode and that the cell was wrapped in a one-inch layer of 
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urcUianc foam insulation about the cylindrica} surface. The cell was 
operated in a pulsed power mode. A current of 10 amperes was passed 
through the cell for 0.2 seconds followed by 0.8 seconds of zero current 
for the current cycle. The cell voltngc was about 2.4 volts, for an 
average input power of 4.8 W. The electrolysis power average was 1.84 
W, and the stirrer power was measured to be 0.3 W. Thus, the total 
average net input power was 2.14 W. The cell was operated at various 
resistance heater settings, and the temperature difference between the 
cell and the ambient as well as the heater power were measured. The 
0 results of the excess power as a function of cell temperature with the 
cell operating in the pulsed power mode at I Hz with a cell voltage of 2.4 
volts, a peak current of 10 amperes, and a duty cycle of 20 % showed 
that the excess power is temperature dependent for pulsed power 
operation, and the maximum excess power was 18 W for an input 
5 electrolysis joule heating power of 2.14 W. Thus, the ratio of excess 
power to input electrolysis joule healing power was 850 %, 

3,1.2 Electrolytic Cell Sample Preparation 

0 Sample HI {980623MP 1). The sample was prepared by 

concentrating the K^CO^ electrolyte from the Thermacore Electrolytic Cell 
using a rotary evaporator at 50 °C until a white polymeric suspension 
formed. White polymeric material was observed after the volume had 
been reduced from 3000 cc to 150 cc. The inorganic polymer was 

5 cenlrifuged to form a pellet that was coUecicd following decanting of the 
concentrated electrolyte. 

Sample if! (97il04RM). The sample was prepared by 
concentrating the K^COy electrolyte from the Thermacore Electrolytic Cell 
0 at room temperature using an evaporation dish until yellow-white solid 
containing polymers just formed. The remaining electrolyte was 
decanted and the solid was dried and collected. 

Sample ^3 (971106DC). The sample was prepared by 
5 concentrating 300 cc of the /r,CO, electrolyte from the BLP Electrolytic 
Cell using a rotary evaporator at 50 'C until a precipitate just formed. 
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The volume was aboul 50 cc. Additional electrolyte was added while 
heating at 50 °C until the crystals disappeared. Crystals were then 
grown over three weeks by allowing the saturated soimion to stand in a 
sealed round boiiom flask for three weeks at 25°C. The yield was ! 
5 ^' 

Sample #4 (980722MP 2). The sample was prepared by treating 
the A',CO, electrolyte of the BLP Electrolytic Cell with a cation exchange 
resin (Puroliie ClOOH) which replaced cations including AT* with //' 
which reacted with the carbonate to form carbon dioxide gas and water 

10 1.8 liters of the K,CO, electrolyte of the BLP Electrolytic Cell was 

concentrated to 500 ml by distillation of Hfi using a rotary evaporator 
at 50 »C Purolite ClOOH cation exchanger (The Purolite Company. 
Philadelphia, PA) was added to the concentrated solution until the 
evolution of CO, gas ceased. The strong-acid cation exchanger is a 

15 polystyrene based resin that has pendant //' groups available for 

exchange. The resin is regenerated by four successive treatments in 3% 
na followed by thorough rinsing with deionized water. The resin is 
stored and added to the solution in a hydrated state. The spent cation- 
exchange resin was removed by filtration using a Buchner funnel with 

20 Whatman #50 filter paper. The volume of the filtrate was about 1 2 
liters which was greater than the volume of the concentrated startiiig 
electrolytic solution since water was contributed by the wet cation 
exchange resin. The filtrate was transferred to a rotary evaporator 
where it was concentrated to a volume of about IOC ml. The remaining 

2 5 filtrate was gently heated to dryness. White powder was obtained. 

Sample ff5 {9804168RM B). The cathode of the INEL ElectrolyUc 
Cell was placed in 28 liters of 0.6M K^COJlWo H,0,. 200 cc of Uie 
solution was acidified with HNOy. The solution was allowed to stand 

3 0 open for three months at room temperature in a 250 ml beaker. While 

nodular crystals formed on the walls of the beaker by a mechanism 
equivalent to thin layer chromatography involving atmospheric water 
vapor as the moving phase and the Pyrcx silica of the beaker as the 
stationary phase. 

35 
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Sample «6 (97I203RM C). The K,CO, ciecuolyic of ihc BLP 
Eleclrolytic Cell was reacted with hydro iodic acid and couceniratcd by 
healing in an open beaker whereby the temperature was maintained at 
80"C. The final volume was made such that the solution was calculated 
to be 4 M Kl. The final pH was 6.5. 

Sample ff7 (9808 1 8MP 3). The sample was the gelatinous white 
material that was filtered from the BLP Electrolytic Cell with an 0.1 //,„ 
filter paper. 



Sample #8 (9801 22RM A). The sample was prepared by acidifying 
400 cc of the K,CO, electrolyte of the Thermacorc Electrolytic Cell with 
WWOj. The acidified solution was concentrated to a volume of 10 cc and 
placed on a crysta!liz.ition dish. Crystals formed slowly upon standing at 
15 room temperature. Ycllow-whiic crystals formed on the outer edge of 
the crystallization dish that were collected. 

Sample «9 (971010MS W). The sample was prepared by filtering 
the K^CO, electrolyte from the BLP Electrolytic Cell with a Whatman 110 
2 0 mm filter paper (Cat. No. 1450 110). 

Sample «10 (980622MP 1). The sample comprised a 10 cm long 
nickel wire cut from the cathode of the Thermacorc Electrolytic Cell. 

2 5 Sample fill. The sample comprised a 10 cm long nickel wire cut 

from the cathode of the BLP Electrolytic Cell. 

3.1.3 Quart?. Gas Cell Hydrino Hydride Reactor 

30 Hydrino hydride compounds were prepared in a vapor phase gas 

cell with a tungsten filament and Kl as the catalyst according to Eqs. (3- 
5) and the reduction to hydrino hydride ion (Eq. (11)) occurred in the 
gas phase. The high temperature experimental gas cell shown in FIGURE 
2 was used to produce hydrino hydride compounds. Hydrino atoms 

3 5 were formed by hydrogen catalysis using potassium ions and hydrogen 

atoms in the gas phase. 
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The experimental gas cell liydiino hydride reactor shown in 
FIGURE 2 comprised a quartz cell in the form of a quartz tube 2 five 
hundred (500) millimeters in. length and fifty (50) milliincters in 
diameter. The quartz cell formed a reaction vessel. One end of (he cell 
was necked down and attached to a fifty (50) cubic centimeter catalyst 
reservoir 3. The other end of the cell was fined with a Connai style high 
vacuum flange that was mated to a Pyrex cap 5 with an identical Conflat 
style nange. A high vacuum seal was maintained with a Viton 0-ring 
and stainless steel clamp. The Pyrex cap 5 included five glass-to-mctal 
tubes for the attachment of a gas inlet hne 25 and gas outlet line 21 two 
inlets 22 and 24 for clcclrical leads 6. and a port 23 for a lifting rod 26 
One end of the pair of electrical leads was connected lo a tungsten 
filament 1. The other end was cortnected to a Sorcnscn DCS 80-13 power 
supply 9 controlled by a custom built constam power comroller. Lifting 
rod 26 was adapted to lift a quartz plug 4 separating the catalyst 
reservoir 3 from the reaction vessel of cell 2. Optionally, the reactor 
further comprised a thermal radiation shield at the top of the cell to 
provide further insulation. 

//, gas was supplied to the cell through the inlet 25 from a 
compressed gas cylinder of ultra high purity hydrogen 11 controlled by 
hydrogen control valve 13. Helium gas was supplied to the cell through 
the same inlet 25 from a compressed gas cylinder of ultrahigh purity 
helium 12 controlled by helium control valve 15. ll,c flow of helium 
and hydrogen lo the cell is further controlled by mass flow controller 10 
mass flow controller valve 30, inlet valve 29. and mass flow controller 
bypass valve 31. Valve 31 was closed during filling of the cell. Excess 
gas was removed through the gas outlet 21 by a molecular drag pump 8 
capable of reaching pressures of lO -* torr controlled by vacuum pump 
valve 27 and outlet valve 28. Pressures were measured by a 0-1000 
torr Baratron pressure gauge and a 0-100 lorr Baratron pressure gauge 
7. The filainenl 1 was 0.381 millimeters in diameter and two hundred 
(200) ceniimctcrs in length. The filament was suspended on a ceramic 
support to maintain its shape when heated. The filament was resisiively 
heated using power supply 9. The power supply was capable of 
3 5 delivering a constant power to the filament. The catalyst reservoir 3 
was heated independently using a band heater 20. also powered by a 
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constant power supply. The entire quariz cell was enclosed inside an 
insulation package comprised of Zircar AL-30 insulation 14. Several K 
type thermocouples were placed in the insulalion to measure key 
temperatures of the cell and insulation. The thermocouples were read 
5 with a multichannel computer data acquisition system. 

The cell was operated under flow conditions with a total pressure 
of less than two (2) lorr of hydrogen or control helium via mass flow 
controller 10. The filament was heated to a temperature in the range 
from 1000-2000*'C as calculated by its resistance. A preferred 

10 temperature was about 1400 **C. This created a "hot lone" within the 
quartz tube of about 700^800 X as well as causing atomizalion of the 
hydrogen gas. The catalyst reservoir was heated to a temperature of 
700 °C to establish the vapor pressure of the catalyst. The quartz plug 4 
separating the catalyst reservoir 3 from the reaction vessel 2 was 

1 5 removed using the lifting rod 26 which was slid about 2 cm through the 
port 23. This introduced the vaporized catalyst into the "hoi zone" 
containing the atomic hydrogen, and allowed the catalytic reaction to 
occur. 

As described above, a number of thermocouples were positioned to 

20 measure the linear temperature gradient in the outside insulation. The 
gradient was measured for several known input powers over the 
experimental range with Ihc catalyst valve closed. Helium supplied 
from the lank 12 and controlled by the valves 15, 29, 30, and 3K and 
flow controller 10 was flowed through the cell during the calibration 

25 where the helium pressure and flow rates were identical to those of 
hydrogen in the experimental cases. The thermal gradient was 
determined to be linearly proportional to input power. Comparing an 
experimental gradient (catalyst valve open/hydrogen flowing) to the 
calibration gradient allowed the determination of the requisite power to 

3 0 generate that gradient. In this way, calorimetry was performed on the 
cell to measure the heat output with a known input power. The data 
was recorded with a Macintosh based computer data acquisition system 
(PowerComputing PowerCcnter Pro 180) and a National Instruments. 
Inc. NI-DAQ PCI-MIO-16XE-50 Data Acquisition Board. 

3 5 Enthalpy of catalysis from the gas energy cell having a gaseous 

transition catalyst {K^ i K^) was observed with low pressure hydrogen in 
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the presence of polassium iodide (Kl) which was volatilized at ilic 
operating icmperaiure of ihe cell. The enthalpy of formation of 
increased binding energy hydrogen compounds resulted in a steady 
Slate power of about 15 watis that was observed from the quartz 
5 reaction vessel containing about 200 mtorr of Kl when hydrogen was 

flowed over the hot tungsten filament. However, no excess enthalpy was 
observed when helium was flowed over the hot tungsten filament or 
when hydrogen was flowed over the hot tungsten filament with no Kl 
present in the ccH. 

10 In a separate experiment Rbl or RbCl replaced Kl as the gaseous 

transition catalyst according to Eq.(6), Eq.(7), and Eq.(8). 

In two other embodiments, the experimental gas cell hydrino 
hydride reactor shown in FIGURE 2 comprised a titanium screen 
(Belleville Wire Cloth Co . Inc.) filament of six titanium screen strips 3 cm 

1 5 wide and 30 cm in length or an 8 meter long coil of a three stand cable 
of 0.38 mm diameter nickel wire (99+% Alpha #10249) which replaced 
the tungsten filament 1. The titanium screen filament or nickel coil 
filament dissociator was treated with 0.6 M K,COy/lO% Hfi, before being 
used in the quartz cell. The filament was suspended on A/^O, cylindrical 

20 filament supports. The cell was operated at 800 °C when the filament 
temperature was from 1000 to 1200 'C, and KBr or Kl catalyst was 
vaporized into the gas cell by heating the catalyst reservoir. Hydrogen 
was flowed through the cell at a steady slate pressure of 1 torr. 

In two other embodiments, a second 30 cm wide and 30 cm long 

25 nickel or titanium screen dissociator was wrapped inside the inner wall 
of the cell. The screen was heated by the titanium screen or nickel coil 
filament. 

In another embodiment, the experimental gas cell hydrino hydride 
reactor shown in FIGURE 2 comprised a Ni fiber mat (30.2 g, Fibrcx from 
National Standard) inserted into the inside the quartz cell 2. The Ni mat 
was used as the //, dissociator which replaced the tungsten filament I. 
The cell 2 and the catalyst reservoir 3 were each independently encased 
by split type clam shell furnaces (The Mellen Company) which replaced 
the Zircar AL-30 insulation 14 and were capable of operating up to 1200 
"C. The cell and catalyst reservoir were heated independently with their 
heaters to independently control the catalyst vapor pressure and the 
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reaction icmpcrature. The U, pressure was maintained a( 2 lorr at a 
now rate of Tlie N. mat was maintained at 900 "C. and the Kl 

catalyst was maintained at 700 for 100 h. 

5 3.1.4 Concentric Quartz Tubes Gas Cell Hydrino Hydride Reactor 

Hydrino hydride compounds were prepared in a concentric quartz 
lubes gas cell hydrino hydride reactor cotnprising a Ni screen dissocialor 
and Kl as the catalyst. The experimental concentric quart2 tubes gas cell 

1 0 hydrino hydride reactor is shown in FIGURE 3. The reactor cell 

comprised two concentric quartz tubes 401 and 402 of dimensions 1" OD 
X 21" long and 3/4" OD X 24" long, respectively. The I" OD tube was 
closed at the bottom end with a ihermowcll 403 and the 3/4" OD tube 
was open at both ends. The quartz tubes were connected to Swagelok 
fittings 404 and 405 to provide a system capable of maintaining a 
vacuum: Two sets of external healers 406 and 407 were used to control 
the fcmpcraturb of the catalyst and the Ni fiber dissociator 
itidepcndently. The heaters comprised Chrome Aluminum Iron heating 
Clements imbedded in a high purity Al,0, cement (The Mcllen Company). 

A Ni fiber mat dissociator -30.2 g (National Standard Company) 
408 was placed in the 3/4" quartz tube 402. The Ni mat was pretreated 
in the cell by nowing II, (Scientific Grade- MGS Industries) from a H, 
source 409 at a rate of 20 cmVmin at a temperature of 900 "C for 24 h. 
The system was cooled by flowing He (Scientific Grade- MGS Industries) 

2 5 from a helium source 410 for 12 hours. Kl catalyst - 10.3 g (99.0% Alfa 

Aesar) 411 was placed at the bottom of the 1" OD quartz tube 401. 
was introduced in the annular space 4J2 of the two concentric tubes Ind 
ihe product gas was pumped away via the 3/4" quartz tube using a 
vacuum pump 413. The total pressure was maintained at 2.0 torr. The 

3 0 Ni dissociator temperature was maintained around 950 'C (measured by 

a Type C thermocouple 414), and the catalyst temperature was 
maintained around 650'C (measured by a Type C thermocouple 415) 
The reaction was stopped after 170 h. and the reactor was cooled in He 
for 12 hours before exposing the cell to atmospheric conditions. 
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3.L5 Stainless Steel Gas Cell Hydrino Hydride Rcacior 

Hydrino hydride compounds were prepared in a stainless steel gas 
cell hydrino hydride reactor comprising a Ti screen dissociator and KI as 
5 ihe catalyst. The experimental stainless steel gas cell hydrino hydride 
reactor is shown in FIGURE 4. ll comprised a 304*stainlcs$ steel cell 301 
in ihe form of a tube having an iniernal cavity 317 having dimensions of 
359 millimeters in length and 73 miHimelcrs in diameter. The top end of 
the cell was welded to a high vacuum 4 5/8 inch bored through conflal 
10 flange 318, The mating blank conflat flange 319 contained a single 

coaxial hole in which was welded a 1/4 inch diameter stainless steel lube 
302 that was 100 cm in length. A silver plated copper gasket was placed 
between the two flanges. The two flanges are held together with 10 
circumferential bolts. The bottom of the 1/4 inch tube 302 was flush 

1 5 with the bottom surface of the top flange 319, The tube 302 provided a 

passage for air to be removed from the cell and hydrogen to be supplied 
to the cell. The cell 301 was surrounded by four heaters 303. 304, 305» 
and 306. Concentric to the heaters was high temperature AL 30 Zircar 
insulation 307. Each of the four healers were individually 

2 0 thermostatically conlroUed. 

Titanium screen was used as the dissociator and as a reactant to 
produce titanium hydrino hydride. The cylindrical wall of the cell 301 
was lined with two layers of Ti screen 308. Before placing the titanium 
dissociator in the cell 301, The titanium was reacted with an aqueous 

2 5 solution of 0.57 M K^CO^ and 3% H^O^ for ten minutes. The titanium 

screen was removed from the solution^ and the reaction product was 
allowed to dry on the screen at room tenipcralure. The screen was then 
baked at 200 X for 12 hours. 71 grams of powdered KI 309 was poured 
into the cell 301. The cell was sealed then continuously evacuated with 
30 a high vacuum turbo pump 310. Tlie pressure gauge (Varian Convector* 
Pirrani type) 312 read 50 millitorr. The cell was heated by supplying 
po\yer to the heaters 303. 304, 305, and 306. The power of the largest 
heater 305 was measured using a Clarke -Hess model 259 wattmeter, 
lis 0 to 1 V analog output was fed to the DAS and recorded with the 

3 5 other signals. The temperature of the cell read with an Omega type K 

thermocouple with a type 97000 controller was then slowly increased 
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over 2 hours to 300 **C. The pressure initially increased, then slowly 
dropped to 10 millitorr. The vacuum pump valve 31! was closed. 
Hydrogen was supplied from, lank 316 through regulator 315 lo the 
valve 314. Hydrogen was slowly added by first filling the tube between 
5 valve 314 and valve 313 to 800 torr. Valve 313 was slowly opened to 
transfer the trapped hydrogen lo the cell 30K This hydrogen transfer 
method was repeated until the pressure in the reactor climbed to 760 
torr. The temperature of the cell was then slowly increased to 650 **C 
over 5 hours. The hydrogen valve 313 was closed. For the next two 
10 hours, the vacuum valve 311 was slowly partially opened to bleed off 
the surplus hydrogen to maintain a pressure between 400 to 500 
millitorr. During the next 17 hours the pressure climbed to 1 torn The 
cell was then cooled and opened. About 5 grams of blue crystals were 
observed to have formed in the bottom of ihc cell. 

15 

3.1.6 Gas Cell Sample Preparation 

Sample iill (97121 5RM A). The sample was prepared from the 
cryopumped crystals on the 40 °C cap of the quartz gas cell hydrino 
.20 hydride reactor comprising a RbJ catalyst, stainless steel filament leads, 
and a W filament by rinsing with distilled water. The solution was 
filtered to remove water insoluble compounds such as metal. The 
solution was concentrated by evaporation at 50 °C until a precipitate just 
formed at a volume of 10 ml. Yellow crystals formed on standing at 
25 room temperature for 2 days. The solution was filtered. The crystals 
were collected and dried at room temperature. 

Sample ffl3 (980429BD A and 980429BD B). Using a clean 
stainless steel spatula, the sample was collected from a band of air stable 
3 0 red. colored crystals that were cryopumped to the top of the inner lube 
(3/4" OD) of the concentric quartz tubes hydrino hydride reactor at 
about 100 *C, 



35 



Sample #14 (980623BD A). The sample was prepared by rinsing a 
polymer from the quartz gas cell hydrino hydride reactor comprising a 
KI catalyst and a Ti screen (Belleville Wire Cloth Co.. Inc.) filament 
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following a 30 watt excess power cveiu ihat melted Ihe filament. The 
cell was rinsed and allowed to stand in an open evaporation dish at room 
temperature. The polymer formed over 3 weeks. Tlic solution was 
allowed to evaporate to dryness and ihe polymer was collected. 

5 

Sample «15 (981006BD C), The sample was prepared by collecting 
the dark blue crystals that formed at the bottom of the stainless steel gas 
cell hydrino hydride reactor comprising a KI catalyst and a titanium 
screen dissociaior that was treated with 0.6 M KjCOJ\0% Hfi^ before 
10 being used in the cell. The stainless steel gas cell was heated to 700 by 
external heaters. The cell ran for 48 hours. 

Sample #16 (980908- !w). The sample was prepared by collecting 
a band of crystals that were cryopumped to the underside of the 
1 5 radiation shield of the quartz gas cell hydrino hydride reactor at about 
120 ""C comprising a KI catalyst and a nickel screen dissociaior that was 
heated to 700 °C by a nickel wire heater. 

Sample #17. The sample was prepared by dissolving 0.509 g of 
20 crystals from sample #13 (980429BD A) in 100 ml of deionized water. 
Iodide was removed as a Ag! precipitate by titration of the sample with 
AgNOy to the iodide stoichiometric endpoint. 0.8085 g of AgNO^ (Alfa, 
99-995%) was dissolved in 100 ml of deionized water to yield a 
4.76X10~^M AgNO^ titration solution. During titration the solution was 
25 stirred with a Teflon stirring bar. The titration was followed 

potentiomctrically using a silver electrode. The working electrode 
comprised a 3.8 cm long Ag wire (0.5 mm diameter, Alfa, 99.9985 %) 
which was In contact with the solution. The other end was soldered to a 
copper wire, and the union and the copper wire were sealed in a quartz 
3 0 lube with epoxy. The reference electrode was a Hg calomel electrode 
(HI5412, Hanna Instruments). Tlie voltage read from_ the electrodes 
using a potentiometer (HI9025» Hanna Instruments) was due to the 
following equilibria: 

^Ei^^^s) 4- 2e- ^ 2Hg{l) + 2Cr = 0.268 V 

Ag* + c" <^ Ag{s) = 0.799 V 
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The Ncrnsi equaiion for ihis system reduces to : >^ 0.558 0.059 16 iogj/lg*) 
where at the equivalence poim, [Ag']== ^K^[AgI) =^9A] X 10"' and 
^.rft=82.3/fiV. Upon completion of the lUraUon, the Ag! precipUaic was 
renioved by filtration with a BucUner funnel and either a //SO filler paper 
5 or a Whatman 0,45 /im mixed ester filter membrane. The fihratc was 

conccnirated using a rotary evaporator at 50 ''C until crystal just formed. 
A small aliquot of water was then added such that the crystals just 
dissolved at 50 *C- White crystals formed on standing al room 
temperature for 72 hours. The solution was filtered. The crystals were 

1 0 collected and dried ai room temperature. 

Sample #18 (98 1 l09-2gl). The sample was collected from the 
products condensed below the radiation shield of a quartz lest cell. 
Approximately 10 g of RhJ (99.8 %, Alfa Aesar, Stock /1 13497, Lot 

15 ^K12128) was used as the catalyst, and 59 g of Ti screen was used as the 
hydrogen dissociaior. The Ti screen was healed resistively with a 
tungsten filament, 8 m length, 0.02" diameter wound around a high 
density grooved Alumina tube. Approximately 300 Watts of power was 
supplied to the tungsten filament to heat the Ti screen. The catalyst was 

20 heated by a band heater at 40 Watts. The flow rate of hydrogen was 
0.7cm^min and the pressure was maintained at 0.6 Torr, The 
temperature at the radiation shield was around 200 ^^C. Thermocouples 
located near the cell body and the catalyst pot indicated 750 and 500 
""C respectively. After the catalyst reservoir was opened, the experiment 

2 5 was run for 4 days. The cell produced 15 Watts of excess power. 

Sample #19 (98I103BDB)- The sample comprised a Ti foil (Aldrich 
Chemical Company (99.7% #34879-1). 

3 0 Sample #20 (98G810BD H). The sample was prepared by collecting 

a piece of the bottom section of the filament of the quartz gas cell 
hydrino hydride reactor comprising a KBr catalyst and titanium mesh 
filament dissociator that was treated with 0.6 M K^CO^/\0% HjO^ before 
being used in the quartz cell following a 100 W excess power burst and 
35 that the melted the filament. 
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Sample «21 {980908BDC). The sample comprised «hc Ti screen 
thai was run in ihe quartz gas cell hydrino hydride reactor comprising a 
silver foil, a Kl catalyst, and a litanium screen dissociaior thai was 
5 heated to 800 by extcr.jal Mcllen heater. The Ag foil reacted and may 
have vaporized oi coated on the Ti. The TOFSIMS spectrum wa.s 
obtained at Xerox Corporation, 

Sample «22 (98ll03nDB). The sample comprised a Fe foil (Alfa 
10 Aesar 99.5% #39707). 

Sample #23 (981009BDE). The sample comprised a Fc foil that was 
run in a gas cell hydrino hydride reactor comprising a Kl catalyst and a 
titanium screen dissociator that was heated lo 800 "C by external Mcllcn 
1 5 healers. 

Sample #24 (9809lOvk!). The sample was prepared by removing 
the black film from a sample of the cathode wire of the Thcrmacore 
Electrolytic Cell with 0.1 M HCl. The solution was riltered. and the solid 
2 0 was collected and dried. 

Sample #25 (092l98vk2). The sample was prepared by removing 
the black film from a sample of the cathode wire of Ihc Tliermacorc 
Electrolytic Cell with 0.1 M HCL The solution was filtered and the green 

2 5 filtrate was treated with K^COy. The precipitate was filtered and dried. 

Sample #26 (9805 19BD C). The sample was prepared by collecting 
a dark band of crystals that were cryopumped to the top of the quartz 
gas cell hydrino hydride reactor at about 100 "C comprising a Kl catalyst 

3 0 and a nickel fiber mat dissociator that was heated to 800 "C by external 

Mellen heaters. 



Sample #27 (Wet Iodine). The sample comprised a mixture of 
distilled water and pure iodine crystals. 

35 
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Sa„,ple #28 (9802.8BD B2). Crys.al sa.nplcs were prepared by 
nr,s.„g 3 dark colored band of crys.ais from ,he .op of qunr.z gas cell 
ydr.no hydr,de reac.or co.prisir,g a K. ca.alys.. stainless s.ee H a Je 

the cell. Ihc crystals were collecled by fihratio,, and dried. 

Sample «29 (97i215RM B). The san^ple was prepared from .be 
ryopu^ped crys.als on .he 40 X cap of .he quan. gas cel. hydrino 
hydride reac.or con.prising a KI ca.alyst. stainless s.eel filamen. leads, 
and a f.lan^cn. by nns.ng with disciled wa.er. The sohu.on was 
filtered to remove wa.er insoluble compounds such as metal The 
solufon was concentrated by evaporation a. 50 'C until a predpitate just 
formed. Co .o.dai reddish-brown crystals formed on standing a. room 
temperature for 2 hours. The solution was filtered. n,e crystals we7c 
collected and dried at room temperature. 

Sample «30 (980218BD E2). The sarr.ple was prepared by rinsing 
cryopumped crystals from the cap of the quart, gas cell comprising a ^/ 
atalyst and a W filament with distilled water. The solution was filtered 
and con<^ntrated by evaporation at room temperature. Yellow col.oi a, 
crystals formed which were collected by filtration and dried at o^m 
lemperaturc. " 

Sample #31 (98021 8BD D). The sample was prepared by collecting 

and f. ament by r.ns.ng with distilled water. The solution was 

filtered. The filtered crystals were collected and dried at room 
temperature. 

Sample #32 (980218BD C2). The sample was prepared by 
couecng a dark band below the flange of the quartz gas cell comprising 

J T " '^^ '^"'P''^ '^''-'^^^ - ^'istilled 

water, filtered, concentrated, and evaporated to dryness. The crystals 
were suspended distilled water, and the solution was filtered. The 
filtered crystals were collected and dried at room temperature. 
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Sample #33 (9821 8BD A3). The sample was prepared by collec.inj, 
a dark band below the naiific of ibc quarts gns cell comprising a Kf 
catalyst and a IV filament. The sample was dissolved in distilled water 
filtered, concentrated, and evaporated to dryness. The crystals were 
suspended distilled water, and the solution was filtered. The filtered 
crystals were collected and dried at room temperature. 

Sample #34 (971215RM C). The sample was prepared by rinsing 
the catalyst and increased binding energy hydrogen compounds from 
the quartz gas cell comprising a KI catalyst and a W filament with 
distilled water. The solution was filtered and slowly evaporated to 
dryness on a hot plate. The weight of dry sample was determined and 
drstdled water was added to form a solution which was approximately 4 
M m U. UNO, crystals were added to make the solution 1 M in UNO, 
Crystals were allowed to grow for one week a. room temperature The 
crystals were collected by nitration, recrystallized from distilled water, 
and dried at room temperature. 



20 
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2^2 Idemificnt ion of Hvdrino Hvdrtdc Compounds b v Timfi-Q f-Fiipht- 

Secondary- lon-Mass-Spcctroscopv (TOFSIMS^ 

3.2.1 Time-Of-Fiighi-Secondary-lon-MasS'Speciroscopy (TOFSIMS) 

5 

Time Of-Flighi-Sccondary-lon-Mass-Spcctroscopy (TOFSIMS) is a 
method lo dciermine the mass spectrum over a large dynamic range of 
mass lo charge ratios (e.g. m/e = 1-600) wiih extremely high precision (e.g. 
±0.005 a/HM). The analyte is bombarded wiih charged ions which ionizes 
I 0 the compounds present to form molecular ions in vacuum. The mass is 
then determined with a high resolution timc-of-flight analyzer. 

Samples were sent to the Evans East company for TOFSIMS analysis. 
The powder samples were sprinkled onto the surface of double-sided 
adhesive tapes. The instrument was a Physical Electronics, PHI-Evans 

1 5 TFS-2000. The primary ion beam was a ^Ga* liquid metal ion gun with a 

primary beam voltage of 15 kV bunched. The nominal analysis regions 
were (l2/jm)\ (18/i/nf , and (25//m)'. Charge neutralization was active. The 
post acceleration voltage was 8000 V. The contrast diaphragm was zero. 
No energy slit was applied. The gun aperture was 4. The samples were 

2 0 analyzed without sputtering. Then, the samples were sputter cleaned for 

30 s to remove hydrocarbons with a AOjim raster prior to repent analysis. 
The positive and negative SIMS spectra were acquired for three (3) 
locations on each sample. The post sputtering data is reported except 
where indicated otherwise. Mass spectra are plotted as the number of 

2 5 secondary ions detected (Y-axis) versus the mass-to-charge ratio of the 

ions (X-axis). References comprised 99.999% KHCOy, 99.999% KNOy, and 
99.999% a:/. 

Samples were also sent lo Xerox Corporation for TOFSIMS analysis. 

3 0 3.2.2 Results and Discussion 

In the case that an Af + 2 peak was assigned as a potassium hydrino 
hydride compound in TABLES 2-20 and 31-32. the intensity of the A/ + 2 
peak significantly exceeded the intensity predicted for the corresponding 
3 5 peak, and the mass was correct. For example, the intensity of the 

peak assigned to KHKOH^ was about equal to or greater than the intensity 
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of the pcnk assigned to K,OH as shown i„ FIGURE 86 for ,he TOFSIMS 
positive spectrum of sample fl3. 

For any compound or fragmen. peak given in TABLES 2-20 and 31 
• 32 cotmining an element with more than one isotope, only ,hc Wgluer 

the peak corresponding to the other iso,opes(s) was .Iso observed 
with an intensity corresponding to about the correct n^.. .i t, . 

(e.g. and 

and «/•>; -M, and ^'M; «C« and «C«; «Cr, "cv »Cr and I; 
1 0 «Z... and «2;,; and '% and •^Ag). ' 

In the case of "/r./;, ,he peak was not present, and a metas.able 
tieutral was present. A broad peak was observed a, about mf e~4n6 
which may account for the missing ions indicating that the ^'K species 
( KH,) was a ncu.raJ me.astable. Or. potassium of KH may saturate (he 

1 5 detector due to the much grea.er atomic percent potassium in this 

compound. To support this explanation. «K peak dominated the positive 
specir„n>. and the hydride peak dominated the negative ion speclm 
u^hen the '.. peak was much greater than natural 'abundanc . mlas 
the natural abundance of ^'K was observed even when .he matched * 
control potassium compound was run such that the peak intensity was 
an order of magnitude higher. 

A more likely alternative explanation is that "/f and undergo 

2c 7lT ^^"'p^""^^- --'y of 

2 5 substantially more than tlie thermal energy. This must be the case when 

the mass also indicates -KH; . The comparison of the positive TOFSIMS 
spcetruin of sample «] with that of 99.999% KHCO, shown in FIGURES 7-8 

T4h'^ tI"^"'?' ''•"''""^^'^^ '''^ P^-^-ce of >^KH; in the absence 
of KH,. This result was confirmed by ESUOFMS. The natural ^Ki *'K 

3 0 ratio was observed in the case of the control positive ESITOFM^ . 

of 99.9% K,CO, shown in FIGURF fi-^ Ti,. f. ^'"''^ LJ>ITOFMS spectrum 
, , Miown m I louRC 63. The ratio was significantly different 

FIGUnnr' ^^'-^OFUS spectrum of sample #3 shown in 

3 5 . .. ''^ f''''''''''' ^[ •'y*'""^ ''0^ '^"d hydride ions to form bonds 
3 5 v.,tl specific isotopes based on a differential in bond energy provides .he 
explanation of the experimental observation of the presence of in 
.he absence of in the TOFSIMS spectra of compords fl kX 
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elec.ro!y..c cell hydrino hydride reaciors. A known molecule which 
cxh.bHS a differential in bond energy due ,o orbital-nuclear coupling is 
ortho and para hydrogen. A, absolute zero, the bond energy of para- H, is 
103.239 kcal/mole; whereas, the bond energy of or,ho~H, Is 102 900 
kcal/molc. In the case of deuterium, the bond energy of para- D h 
104.877 kcal/mole. and the bond energy of onho-D, is 105 048\'cal/ 
mole (H. W. Wooley. R. B. Scott. F. G. Brickwcdde. J. Res. Nat Bur 
Standards. Vol. 41, (1948). p. 3791. Comparing deuterium to hydrogen 
the bond energies of deuterium are greater due to the greater mass of' 
deuterium which effects the bond energy by altering the tero order 
vtbrational energy as given in '99 Mills GUT. The bond er.ergies indicate 
that the effect of orbital-nuclear coupling on bonding is comparable to the 
effect of doubling the ntass. and the orbital-nuclear coupling contribution 
to the bond energy is greater in ,he case of hydrogen. The latter result is 
due to the differences in magnetic moments and nuclear spin quantum 
numbers of the hydrogen isotopes. For hydrogen, the nuclear spin 
T'^'^Z.T'^" J" / = 1/2. and the nuclear magnetic moment is 
/i,-2.79268,i, where fi, is the nuclear magneton. For deuterium /=! 
and =0.857387;... The difference in bond energies of para ve'rsus o'rtho 
2 0 hydrogen is 0.339 kcal/molc or 0.015 eV. The thermal energy of an ideal 
gas at room temperature given by 3/2*r is 0.038 cV where ft is the 
Boittmann constant and T is the absolute temperature. Thus at room 
temperature, orbital-nuclear coupling is inconsequential. However the 
orbttal-nuclear coupling force is a function of the inverse electron- nuclear 
distance to the fourth power and its effect on the total energy of the 
molecule becomes substantial as the bond length decreases. The 

intcrnuclcar distance 2c' of dihydrino molecule H'L = i] is Ic' = 

, I Pi P 

which .s - times that of ordinary hydrogen. The effect of orbUal-nticlear 

coupling interactions on bonding at elevated temperature is observed via 
the relationship of fractional quantum number to the para to ortho ratio 
of dihydrino molecules. Only para «,|« = i; 2c-=^j and 
H-L-' -> • ^/2«J.l 

iy,^«--;2f=— -j was observed by BlackLight Power. Malvern. PA in the 
case of dihydrino formed via a hydrogen discharge with the catalyst {KI) 



25 



30 
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where the reaction gasses flowed ihrough a 100% CuO rccombincr and 
were sampled by an oii-iinc gas chromatograph (Mills. R, "NOVEL HYDRIDI? 
COMPOUNDS". PCT US98/M029 filed on July 7. 1998). Thus, for p>3. the' 
effect of orbital-nuclear coupling on bond energy exceeds Uiercnal . energy 
5 such ihar the Bolizmann distribution results in only para. 

The same effect is predicted for potassium isotopes. For "A', the 
nuclear spin quantum number is / = 3/2. and the nuclear magnetic 
moment is ^=0.39097//,. For "K, /^3/2. and /i=0.2M59/i„ [Robert C. 
Weast. CRC Handbook of Chemistry and Physics. 58 Edition, CRC Press 

10 West Palm Beach. Florida. (1977). p. E-69]. The masses of the potassium 
isotopes are essentially the same; however, the nuclear magnetic moment 
of "A' is about twice thai of *'K. Thus, in the case that an increased 
binding energy hydrogen species including a hydrino hydride ion forms a 
bond with potassium, the 'V compound is favored energetically. Bond 

15 formation is effected by orbital-nuclear couplmg which could be 

substantial and strongly dependent of the bond length which is a function 
of the fractional quantum number of the increased binding energy 
hydrogen species. As a comparison, the magnetic energy to nip the 
oricniaiion of Ihe proton's magnetic moment, ft,, from parallel to 

20 antiparallcl to the direction of the magnetic flux B. due to electron spin 
and the magnetic flux due to the orbital angular momentum of the 
electron where the radius of the hydrino atom is ^ is shown in '99 Mills 

R 

GUT (Mills, R., The Grand Unified Theory of Classical Onan.nm Mechanir.^ 
January 1999 Edition, provided by BlackLight Power. Inc.. 493 Old 
2 5 Trenton Road. Cranbury. NJ. 08512. pp. 103-104], The total energy of the 
transition from parallel to anliparallcl alignment. AC^""'. is given as 

a, + 'J^ ± 5^ . ^"^J^ 



30 



r„ =■ 



2n 



(54) 



where r,, corresponds to parallel alignment of the magnetic moments of 
the electron and proton, r,. corresponds to antiparallcl alignment of the 
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magnetic momcms of ihe eleciron and proion. o„ is the Bohr radius of ihe 
hydrogen atom, and «. is ihc Bohr radius. In increasing from a fraciional 
quantum number of n^-i.e^O to « = 5.f = 4. the energy increases by a 
factor of over 2500. As a comparison, the minimum electron-nuclear 
distance in the ordinary hydrogen molecule is j^i-^j^,^ =o.29 a,. With 

" = 3; f = 2 to give a comparable electron-nuclear distance and with two 
electrons and two protons Eqs. (53) and (54) provide an estimate of the 
orbital-nuclear coupling energy of ordinary molecular hydrogen of about 
0-01 cV which is consistent with the observed value. Thus, in the case of 
a potassium compound containing at least one increased binding energy 
hydrogen species with a sufficiently short intcrnuclear distance, the 
differential in bond energy exceeds thermal energies, and compound 
becomes enriched in the "i^r isotope. In the ca.se of hydrino hydride 
compounds ^//.. the selectivity of hydrino atoms and hydride ions to 
form bonds with "A' based on a differential in bond energy provides the 
explanation of the experimental ob.scrvation of the presence of "KH' in 
the absence of "KH; in the TOFSIMS spectra given in FIGURES 7 and' 8. 
Also, substantially enrichment of "O and "O was observed by DEPMSMS 
as given in the corresponding section. 

The hydrino hydride compounds (m/e) assigned as parent peaks -or 
the corresponding fragments (m/e) of the positive Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample »l taken in the 
static mode appear in TABLE 2. 
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TABLE 2. The hydrino hydride compounds {mfc) assigned as parent 
peaks or the corresponding fragments {m/e) of the posiuve Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSJMS) of sample if I taken in the*" 



sialic mode. 



Hvdrino HvHriH^ 


Nominal 


uoserved 


Cafculated 


OillGrence 


Compound 


Mass 


irl I c 






or Fragnnent 


mi c 






ml t 


w» 


23 


23.180 


23.179975 


0.000 


NaH 


24 


23.99 


23.997625 


0.008 


M 


27 


26.98 


26.98153 




AlH 


28 


27.98 




u.uuy 


AlH, 


29 


29.00 


28 9971 R 




OH,, 


39 


39.178 








4 1 


40.97 


40 97936 


A AAA 


KlI 


4 0 




39.971535 


0.0015 


KOH, 


57 




bo. 9/427 


0.006 


NaHKH 


6 4 


R'i Oft 


63.96916 


0.009 


NiO 


7 4 


73 Q'K 


/ sj.y^oz 1 


0.000 


NiOli 


7 5 


74.94 




0.002 




79 


78.940 




0.004 


{KH), 


80 


79.942 




0.001 




83 


82.96 




U.UU / 


KUKOH^ 


97 


96.945 


96 94^AO<; 


A AAAO 


KKHNaU 


103 


102,93 


102.93287 


0.003 


KH,{KH), 


121 


120.925 


120.92243 


0.003 


KHKHCO, 


1 24 


123.925 


123.93289 


0.OO8 


KH.KHO, 


145 


144.92 


144.930535 


0.010 


K{KOH\ 


15t 


150.90 


150.8966 


0.003 


KH[KOH\ 


t52 


1S1.90 


151.904425 


0.004 


KH,{KOH\ 


1 53 


152.90 


152.91225 


0.012 


k[kh KHCO^] 


1 79 


178.89 


178.8915 


0.001 


AgHBr 


187 


186.83 


186.831215 


0.001 


KCO(KH\ 


187 


186.87 


186.873225 


0.003 
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K^OHKHKOH 


191 


190.07 


190.868135 


0.002 


Kli^KOUKHKOH 


193 


192.89 


192.883705 


0.006 




205 


204.92 


204.92828 


0.008 


K^OH\KH KHCO^\ 


235 


234.86 


234.857955 


0.002 


K\H^CO^ KH KHCO^\ 


257 


256.89 


256.8868 


0.003 


/C)0[ a// KiICOy\ 


273 


272.81 


272.81384 


0.004 




303 


302.88 


302.89227 


0.012 




317 


316.80 


316.80366 


0.004 




3t9 


318.82 


318.81931 


0.001 


KH,[KHKOH\ 


329 


328.80 


328.7933 


0.007 


KOH\KHKHCOj\ 


337 


336.81 


336.82987 


0.020 


KU KOj 

[KH KHCO^][KHCOy] 


3S1 


350.81 


350.80913 


0.001 


KKHK^COy 
[KN KHCOy] 


357 


356.77 


356.775195 


0.005 


KKH\Kn KHCO.l 


359 


358.78 


358.790845 


0.0 11 


K^OH[KH KncOy]^ 


37S 


374.78 


374,785755 


0.005 




387 


386.75 


386.76238 


0.012 


KKH,KF{,[KH KHCO,l 


405 


404.79 


404.80933 


0.019 


A:[A:///:o//(Ar2COj)J 


4t 1 


410.75 


410.72599 


0.024 


k^o\khkhco,\ 


413 


412.74 


412,74164 


0.002 


\KHKOH 1 
\{KHKHCOy\ 


415 


414.74 


414.75729 


0.017 


KH^OKHCO^ 


437 


436.81 


436.786135 


0.024 




442 


441,74 


441.744375 


0.004 




459 


458.72 


458.74711 


0.027 


or 

/5:,o,//(^//i://co,l, 


469 


468.70 


468.708085 


0.008 
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KlK,CO,lKHCO,l 


477 


476.72 


476 7446s<; 


A A 0 C 


K,OH{KH KHCO,l 


Si 5 


51 4.72 


514 71 3S5«; 


n rt A A 


K,C\KHKHCO,l 


553 


552.67 


552.66944 


U .Uii 1 


K[KII KHCOfl 


599 


598.65 


598.67491 


0 OP*; * 

• V t nJ 


K,OH[KH KHCO,l 


G55 


654.65 


654.64 1 365 


v - w y 


KJD{KU KHCO.l 


693 


692.60 


592.59724 


n fin 1 


K[Ktt KHCO,l 


739 


738.65 


730 fin97 1 


A A ^ T 

0.047 


KyC{KH KHCO^]^ 


833 


832.50 


o«.>c.»>^t>U4 


0.025 


K[KH KHCOj]^ 


879 


o / o .^sj 


0/8.5305 1 


0.031 


K.dKHKHCOA 


07 ^ 
^ / o 


972.50 


972.45284 


0.047 


O llullC^f OIlOXSIlCS 












28 


27.98 


27.97693 


0.003 




4 4 


43.97 


43.97184 


0.002 




4 5 


44.98 


44.979665 


0.000 


Si H 0 


1S4 


153.97 


153.97579 


0.006 




165 


164.96 


164.949985 


0.010 




167 


166.95 


166.965635 


0.016 




1 95 


195.00 


194.99456 


0.005 




1 99 


198,97 


198.973865 


0.004 




o A n 

<i u y 


209,00 


208.99223 


0.008 




225 


224.98 


224.96873 


o.oti 




237 


236.95 


236.96916 


0.019 




239 


238.97 


236.98461 


0.015 




2S3 


253.04 


253.042365 


0.002 




281 


280.94 


280.941 


0.001 



^ Inlefference of ''kh'^ from *'K was eliminated by comparing the ''at/ 
ratio with the natural abundance ratio (obs. = ? ! = 57.8%. nat. ab. 



ratio = ^8=7.4%). 
93.1 



6.4 X 10' 



Silancs were also observed. The Wo5/eW„ (m / e = 209) peak given in 
TABLE 2 can give rise to silanes 5j,W„ {m/e= 152) and NaSiH, {m I e = 57) . 

WaSij//,, (m/c = 209)-> Ato5i7/, {m/e = 51)i-Si,H„ = 152) (55) 
The positive Time Of Flight Secondary Ion Mass Spectroscopy 
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(TOFSIMS) of Uie conlrol 99.999% KHCO, taken in the static mode is 
shown i» FIGURES 5 and 6. The. positive Time Of Fligh, Secondary (on 
Mass Spectroscopy (TOFSIMS) of sample «1 taken .n Ihc static mode is 
shown in FIGURES 7 and 8. For both samples, the positive ion spectruro 
was dominated by A", and Na' was also prcscnl. The dominant 
compound identified was K,CO, which gave rise to two series of positive 
ions of K\K,CO^l = (39 + 1 38/i) at m/c= 39. 177, 315. 453. 591. 729. 
867. 1.005 and K,OH\k,CO,\[ «/*r = {95 + 138«) at m/c= 95. 233. 371. and 
509. Other peaks containing potassium included KC . K,0; , K O H ' KCO' 
and K,'. Only in the case of sample #1. three series of positive' ions of 
increased binding energy hydrogen compounds were observed of I.) 
K\KUKUCOX '"/* = (39+140«) at m/c= 39, 179, 319. 459. 599. 739. and 
879; 2.) K,OH[KH KHCO,l = (95+ 140n) at m/e= 95, 235. 375, 515. and 
655; 3.) K,0{KHKHCO,l "'/c = (J33+140«) at m/e= 133, 273, 413. 553, 693. 
833. and 973. These ions correspond to inorganic polymers containing 
increased binding energy hydrogen species. These compounds were also 
present in the positive TOFSIMS spectrum of sample ff2 and sample #3. 
The TOFSIMS peaks of sample ill were much more intense due to 
purification of the inorganic hydrogen polymer. 

As an example of the structures of these compounds, the 
K[KHKHCO,l 'n/^ = (39 + l40«) scries of fragment peaks is assigned to 
ijydrino hydride bridged potassium bicarbonate compounds having a 
general formula such as \KHCO,fr[l/ p)K'l n = 1.2.3.4... and potassium 
carbonate compounds having a general formula such as 
/r[A:,CO,)^ W-(l/p)« = 1,2,3,4,... General structural formulas arc 



. HCO3 



\ 



■K* - 

\ / 
H-(»/p) 



jn 



and 



H (1 / p) — COa^Kt- 
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Novel chemishy daia farther supports the idcniificaiion of stable 
compounds comprising potassium carbonate monomers formed by 
bonding Willi hydrino hydride ions. TORSIMS sample #2 was acidified 
with UNO, io pH = 2 and boiled to dryness. Ordinarily no K,CO, would be 
5 prescnl-.thc sample would be 100% KNO,, Crystals were isolated from 
the acidified solution by dissolving the dried crystals in water, 
concenirniing ihc solution, and allowing crystals to precipitate. TOFSIMS 
was performed on these crystals. The spectrum contained elements of 
the scries of inorganic hydrogen polymers fragments 
10 iK[KJIKHCOX m/e = (39^-140«), K,0H\KH KHCO.l ''^^e = (95+ 140«), and 
KyC{K}i KHCO.l fn/€^i]33-^lA0n)) observed in the positive TOFSIMS 
spectrum of sample fi\. In addition, fragments of compounds formed by 
the displacement of carbonate by nitrate were observed. A general 
structural formula for the reaction is 



1 5 



— H (t / p) — COa^Kt 



NO: 



K^— H (1 / p)~ K*— ^ NO3-- - 



n 

or 



H-(1/p) 



+nKCO^ 



(56) 



The observation by TOFSIMS of hydrino hydride bridged potassium 
carbonate compounds having the genera! formulae 
/r|/f,CO,];; //-(!/ />)«= 1,2.3.4... was further confirmed by (he presence of 
carbonate carbon (C l5 = 289.5 eV) in the XPS of crystals isolated from a 
KjCOy electrolytic cell wherein the sample was acidified with HWO,. 



wo 00/O793I 



PCTAJS99/17I29 



I 13 



I 5 



During acidiflcallon of (he K^CO^ elccirolyte ihc pH repcutivcly 
increased from 3 (o 9 at which time adcliiionnl acid was ;jddcd with 
carbon dioxide release. The increase in pM (release of base by the 
liiration reaciani) was dcpendenc on \hc icmpcraiure and concemraiion 
of the solution. A rcaciion consisiciu wiih this obscrvaiion is ihc 
displacemeni rcaciion of NO; for C0]~ as given by Eq. (56). The 
observation of inorganic hydrogen polymer fragments such as 
K[KHKHC0^] following acidification indicates the stability of the bridged 
potassium carbonate hydrino hydride compounds. The novel nonrcactive 
potassium carbonate compound observed by TOFSIMS without identifying 
assignment to conventional chemistry corresponds and identifies 
inorganic hydrogen polymer compounds, according to the present 
invention. 

The hydrino hydride compounds (m/e) assigned as parent peaks or 
the corresponding fragments (m/e) of the negative Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample U\ taken in the 
static mode appear in TABLE 3. 



20 



TABLE 3. The hydrino hydride compounds (m/e) assigned as parent 
peaks or the corresponding fragments (w/e) of the negative Time Of 
Flight Secondary Ion Mass Spectroscopy (TOFSIMS) of sample «l taken in 
the static mode. 



Hydrino Hydride 
Connpound 
or Fragment 


Nortiina! 
Mass 
ml e 


Observed 
ml e 


Catculatcd 
mi e 


Ditference 
Between 
Observed 
and Calculated 
ml e 




1 6 


16.130 


16.1252 


0.005 




24 


24.181 


24,1878 


0.007 




25 


25.195 


25.195625 


0.001 


Nail, 


26 


26.01 


26.013276 


0.003 




27 


27-01 


27.008515 


0,001 


CH„ 


35 


35.183 


35.179975 


0.003 


NH,, 


37 


37.185 


37.183045 


0.002 


*r//, 


42 


42.00 


41.987185 


0.013 


{NaH\ 


48 


48.00 


47.99525 


0.005 



wo 00/07931 



rCT/US99/l7l29 



1 14 





4 9 


4 9.00 


4 y .OOJ075 




0.003 




52 


$2.00 


D^.OO 1 38 


0.001 


KH OH 


5 7 


56.98 




0.006 


NaU^ NaO 


65 


65.00 


b4 .9y /9 8 S 


0.002 


N<iH, KH^ 


69 


69.00 


by ,0Uo2o 5 


0.008 




80 


79.95 




0.007 




87 


86.94 


OD. 93626 


0.004 


KHKO 


95 


94.93 


Oil ftrjAictr. 

y *i . y du 155 


0 


Ktl^KOH 


97 


96.945 


yo. y45805 


0.0008 


GaO^H 


1 02 


101 .92 


1 u 1 .923345 


0.003 


GaO^Ff^ 


103 


1 02 .93 


1 02.931 1 / 


0.001 


GaKH 


109 


• W . V 9 O 


1 08.897235 


0.002 


KHKNO 


1 09 




108.933225 


0.010 




1 1 1 


1 to OP 


1 10.925065 


0.005 


KH.KCl 


1 1 6 




1 15.919745 


0.000 


KOHNO^ 


1 1 ft 

1 1 o 


i i'7 nc 


1 J7. 954245 


0.004 


H,l 


ICS 


1 ^0.92 


128.92005 


0.000 


Ga^Oyli 


1 ft? 

• Of 




186.843955 


0.006 


Ga.OJI 


203 


ono On 


202.838865 


0.009 




36 1 


ODU . f 1 


360.71389 


0.004 


Silanes/Siloxanes 










SiH 


29 




_ _ 

28.984755 


0.005 


KSiH, 


71 


70.97 


70.97194 


0.002 




72 


71.975 


71,979765 


0.005 




73 


72.99 


72.98759 


0.002 




154 


153.99 


153.97579 


0.014 




155 


154.99 


154,983616 


0.006 




159 


159.01 


159.014915 


0.005 



The negative ion spectrum was dominated by the oxygen and OH' 
peaks. The dominant compound identified was K,CO, which gave rise to a 
scries of negative ions of KC0,\K,C0,1 '"/e = (99 + I3&.) at m/e= 99, 237, 
375. 513. 651. 789. and 927. The chloride peaks were also present with 
small peaks of the other halogens and 5". 

In addition to alkali metals such as potassium, alkaline earths such 
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as magnesium may form hydrino hydride polymers. Magnesium hydrino 
hydride ions M^H; (m/e 27.008515) and Mg^H^ {//i /c := 52.00138) were 
observed in the negaiive TOFSIMS specLrum of sample #1. Mgli'^ 

= 27.0085 15) was observed in the TOFSIMS spectrum of sample U\ 
5 with a hydrocarbon peak at mie^lim, and C/V" was observed at 

m/e = 26,00 as shown in FFGURE 19. Sample \\\ was sputtered to remove 
hydrocarbons. The post sputtering negative TOFSIMS spectrum 
/H/<r = 20"30 of sample «l is shown in FIGURE 20. The hydrino hydride 
compounds Ndlil {m/e = 26.013275) and MgH^ («i = 27.008515) were 
10 observed at m/e = 26.01 and /»/e = 27.0l, respectively. 

Mgli; was purified from the K^CO, electrolyte of the BLP Flecirolytic 
Cell using a cation exchange resin (PuroUte ClOOH). The negative 
TOFSIMS spectrum (m/€ = 20-30) of 99.999% KHCO^ is shown in FIGURE 9. 
The negative TOFSIMS spectrum (m/^ = 23.5-29.5) of crystals obtained by 

1 5 treating the K^CO^ electrolyte of the BLP Electrolytic Cell with a caiion 

exchange resin (Purolilc ClOOH) (sample M) is shown in FIGURE 10. The 
negaiive TOFSIMS spectrum (m/c = 27-29) of sample 1/4 is shown in 
FIGURE 11. The negative TOFSIMS spectrum (m/€ = 28-29) of sample 
is shown in FIGURE 12. The spectra were calibrated on 0\ F\ and Cr, A 
20 contribution to the m/e=28 peak by silicon was observed. Otherwise* the 
integrations matched the ratios of the magnesium isotopes ^^M^, ^^Af^, and 
'^Mg within experimental error. There is close agreement between the 
calculated and experimental masses given in TABLE 5. No peaks are 
present at these masses in the control. No other possibility exists that fits 

2 5 the mass and isotope data. The TOFSIMS data dispositively identifies 

magnesium hydrino hydride, according to the present invention. The 
identification was confirmed by SPMSMS. The magnesium hydrino 
hydride compounds A/g,/r {m/e = 48,977905), M^,//; (m/e-= 49.98573), and 
Mg^H; (fn/^r = 50.993555) were observed as given in TABLES 22, 23. and 25. 

3 0 Other monomers of inorganic hydrogen polymers were observed. The 

hydrino hydride compounds (m/e) assigned as parent peaks or the 
corresponding fragments (m/e) of the positive and negative Titne Of 
Flight Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #4 taken in 
the static mode appear in TABLE 4 and TABLE 5, respectively. 



wo 00/07WI 



l*CTAJS99/17129 



i {6 

TABLE 4. The hycirino hydride compounds (m/e) assioncd as parenl 
peaks or the corresponding fragmenis {m/c) of ihe positive Time Of Fligh 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample «4 taken in the 



static mode. 



Hydrlno Hydride 
Compound 
or FfDQfnent 


Nominal 
Mass 
ni / € 


Observed 
ml e 


Calculated 
ml e 


Diflerence 
Betvveen 
Observed 
and Calculated 
ml € 


Si 


28 


27.97 


27.97693 


0.007 


KH, ^ 


4 1 


40.97 


40.97936 


0.009 


KHKOH, 


97 


96.94 


96.945805 


0.006 




t07 


106.91 


106-90509 


0.005 


AgH 


t08 


107.92 


107.912915 


0.007 




121 


120.92 


120.92243 


0.002 


AglJBr 


187 


186.83 


186.831215 


0<001 



Interference of '^Kir^ from ''K was eliminated by comparing the ^'/C 
ratio with the natural abundance ratio (obs. = nat. ab. 



ratio - ^ = 7.4%). 
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FABLE 5. The hydrino hydride compounds (,„/.) assigned as parent 
peaks or ihc corresponding fmgn.cits (,,,/e) of ihe negative Time Of 
Flight Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #4 taken in 
ihc static mode. 



Hydrino Hydride 

V>UI I ipOUl iQ 


NominaJ 

Mass 
in / c 


Obseived 
m f € 


Calculated 
ml e 


Difference 
Between 
Observed 
etna Vyaicuidtect 
ml c 




26 


26.01 


26.013275 


0.003 


MgH, 


27 


27.008 


27.00851S 


0.0005 




43 


43.00 


42.99501 


0.005 


KHKO 


95 


94 93 


94.930155 


0 


KH, KOH 


99 


00.97 


90.961455 


0.009 


Kfi Kfiy 


136 


13S,91 


135.909515 


0.0O05 




137 


136.91 


136.91734 


0.0O7 


lOH 


144 


143.90 


143.903135 


0.003 



Polyhydrogcn ton O//' ns well as hydrino hydride compounds (eg 
NaH and KH,) and inorganic hydrogen polymers (e.g. {ki^^KHKNO.I) ^"e 
observed in the positive TOFSIMS spectrum of sample #5, The hydrino 
hydride compounds (^/.) assigned as parent peaks or the corresponding 
fragments (n./^ of the positive Time Of Flight Secondary Ion Mass 
Spectroscopy (TOFSIMS) of sample #5 taken in the static mode appear in 
1 ABLE 6. 
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TABLE 6. The hydrino hydride compounds {mU) assigned as parent 
j)eaks or the corresponding fragmcnis {mie) of ihe positive Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #5 taken in the*" 
static mode. 



Hydhno Hydride 
Compound 
or Fragment 


Nominal 
Mass 
mf € 


Observed 
m / c 


Calculated 


Diiferencc 
Between 
Observed 
and Calcutated 
mie 


NqH 


24 


23-99 


23.997625 


0.008 


NaH, 


25 


25.00 


25.00545 


0.005 


OH,, 


39 


39.178 


39.174885 


0.003 


KU 


40 


39.97 


39.971535 


0.0015 




A 1 


40.98 


40.97936 


0.0006 


Na,H 


47 


46.98 


46.987425 


0.007 




48 


47.99 


47.99525 


0.005 


Ni 


58 


57.93 


57.9353 


0 nn^ 

W , VI U i> 


NiH 


59 


58.94 


58.943125 


0.003 


NiH^ 


62 


61.96 


61 .9666 


0.007 


KjH 


79 


78.94 


78.935245 . 


0.004 




81 


80.94 


80.950895 


0.01 1 




87 


86.97 


86.97225 


0.002 


KO,H 


104 


103.9479 


103.951175 


0,003 




105 


104.95 


104.959 


0.009 




1 t 1 


1 10.925 


110.925065 


0.000 




I2t 


120.93 


120.92243 


0.008 


{KH\KNO, 


18t 


100.89 


180.89458 


0.005 


{KH)^KNO, 


197 


196-89 


196.88949 


0,001 


Silanes/Siloxancs 












207 


207.04 


207.036465 


0.003S 




265 


264.94 


264-94609 


0.006 




271 


270.99 


270.99304 


0.003 


NaSi,H„0 


281 


200.94 


280.941 


0.001 




281 


281.07 


281.07129 


0.001 



* Interference of »/fw; from **k was eliminated by comparing the *'KI "K 
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ralio with the natural abundance ralio (obs. = i!Hi^^7i j.^,, nat ab 
6.88 115X10* 

ratio = = 7.4%). 

93.1 ' 

The positive ion spectrum was dominated by K\ and Na^ was also 
present. Other peaks containing potassium included AT.Ar^O;. and 

KJ^.Ppi- Sputter cleaning caused a decrease in the intensity of ' ' 
phosphate peaks while it significantly increased the intensity of K H o: 
ions and resulted in a moderate increase in K,Np: ions. Other inorganic 
elements observed included Li, B, and Si. 

in nrTfppTf TK™^?^^"^'''"'" «/-0 - 200 of sample #5 is shown 
in FIGURE 13. The peak assigned to OW* (m/c = 39.174885) is shown in 

FIGURE 13. The experimental mass is 39.178 which is in excellem 
agreement with the calculated mass. The peak was no. a function of 
sputtering and the mass resolution was equivalent to that of the 

1 5 potassium peak. 

The observation of {KH),KNO, confirms the formation of a potassium 
nitrate hydrino hydride polymer ([kh[KHKNO,\1) from a potassium 
carbonate hydrino hydride polymer according to Eq. (56). The "j^w; peak 
shown in FIGURE 13 may be a fragment. 

2 0 The polyhydrogen ion ir,^ was observed in the negative TOFSIMS 

spectrum of sample #5. The hydrino hydride compounds (m/e) assigned 
as parent peaks or the corresponding fragments (m/«) of the negative 
Time Of Flight Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #5 
taken in the static mode appear in TABLE 7 

25 
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TABLE 7. The hydrino hydride compounds (,nle) assigned as pareni 
peaks or the corresponding fragmcnis (m/e) of the negative Time Of 
l-hght Secondary Ion Mass Spectroscopy (TOFSIMS) of sampie #5 taker, in 



Hydrino Hydride 

Compound 

or Fragmeni 


Nominal 

Mass 
ml c 


Obsen/ed 
ml c 


Calculated 
«; / e 


Difference 
Between 
Obscn/ed 
and Calculated 
ml c 




16 


16.130 


16.1252 


0.005 




43 


43.00 


42.99501 


0.005 


Silanes/Siloxancs 












155 


154.99 


154.983615 


0 006 




203 


203.00 


203.00616S 


0.005 



The negative ,on spectra showed similar trends as the positive ion 
spectra with phosphates observed ,o be more intense before sputter 
cleaning. Other ions detected in the negative spectra were C/" and /" 

The negative TOFSIMS spectrum (m/. = 10-20) of 99.999% KUCO is 
shown in FIGURE 14. The negative TOFSIMS spectrum (m/. = ,0-20) of 
polymeric material prepared by concentrating the K,CO, electrolyte from 
.he Thermacorc Electrolytic Cell with a rotary evaporator and centrifuging 
the polymeric material (sample #1) is shown in FIGURE 15 The negative 

the K,CO, INEL Electrolytic Cell (sample #5) is shown in FIGURE 16. A 
peak with a high nominal mass which does not match any known 
compound was observed at m/e = I6.!25 in the case of sample ffl and at 
m/e=l6.m in the case of sample #5. Each peak has the same width as 
the oxygen peak; thus, each is not a mctastable peak. No such peak with 
a high nominal mass is seen at the position of any of the other ideritifiable 
peak such as hydroxyl (0«) at m/e = 17.003 which has a greater intensity 
thus, each peak is not due to detector ringing. Each peak cannot be 
explained as an instrument artifact since each is present at the earliest 
times of acquisition. In both samples, the unidentifiable peak is assigned 
to which is consistent with // (1) as the most stable hydrino hydride 
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ion according to Cq. (10). The principle quantum number /7 = I6 provides 
sixteen multipolcs (f = 0 to / = «-l) comprising the molecular orbilals of 
//"l^-j^j. Tlic agreement between the observed mass and the calculated 

mass (/»ye = 16.1252) Is excellent. No other compound of this mass is 
5 possible. 

Other positive and negative TOFSIMS peaks observed for sample if\ 
and sample iiS confirm polyhydrogen compounds and ions. The positive 
TOFSIMS spectrum (m/e = 0~50) of sample #5 is shown in FIGURE 17. The 
positive TOFSIMS spectrum (m/e=^20-30) of sample #1 is shown in 
10 FIGURE 18. The presputtering negative TOFSIMS spectrum (m/e=20--30) 
of sample #1 is shown in FIGURE 19. The post sputtering negative 
TOFSIMS spectrum (m/e = 30-40) of sample #1 is shown in FIGURE 21. 
The peak assigned to OH^y (m/ e =^ 39.174S85) is shown in the positive 

TOFSIMS spectrum of sample #5 (FIGURE 17). The experimental mass is 

1 5 39.175 which is in excellent agreement with the calculated mass. The 

peak assigned to //;, (m/e = 23.179975) is shown in the positive TOFSIMS 

spectrum of sample HI (FIGURE 18). The experimental mass is 23.180. 
This peak is assigned to a fragment of a parent polyhydrogen molecule 
containing 24 hydrogen atoms. The corresponding negative ion, H^^, is 

2 0 shown in FIGURE 19 with the M + ! peak, H^V These peaks are also 

observed in FIGURE 20. OH;^ shown in FIGURE 13 and FIGURE 17 may be 
a fragment of 0//j^. and OH" may also be a fragment. The OH' 
(m/e = 17.002735) peak intensity of the negative spectrum of sample 415 
shown in FIGURE 16 is at least twice tliat of the control. The increased 

2 5 intensity is assigned to the fragmentation of OH„ to OH', In addition to 

substitution reactions with oxygen, the 24 atom polyhydrogen molecule 
may react with carbon and nitrogen. The negative ions CH^ and NH^^ are 

shown in FIGURE 21. 

Polymer compounds and ions comprising 24 hydrogen atoms may 
30 form because H^^ is the last stable hydride ion of the scries l//) = l/ol/24 
given by Eq. (10). H^^ is the most stable hydride ion which may give rise 
to a compounds and ions containing 16 hydrogen atoms. Positive 
polyhydrogen ions peaks observed from the TOFSIMS spectrum of sample 
#1 are given in TABLE 2. Negative polyhydrogen ions peaks observed 

3 5 from the TOFSIMS spectrum of sample «! are given in TABLE 3, 

Further polyhydrogen compounds containing multiples of 16 
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hydrogen species were observed. The peak assigned to S,7/,(//,J' 
(m/e =62.24298) is shown in ihe negative TOFSIMS spectrum »i/c-60-70 
of sample «12 (FIGURE 22). The expcrimcnJai mass is 62.24 which is in 
excellent agreement with the calculated mass. The corresponding positive 
5 fragment Si7/,(/i,j; («i/<r = 63.250805) was observed at w/* = 63.3 by Solids- 
Probc-Quadrapole-Mass-Speciroscopy. Novel silancs with excess 
hydrogen such as Ihe series 5i.//,.„{W„)^ ,o Si,H„{H„l, Polymers of 
hydrogen. H„. which add to these silancs. and polyhydrogen compounds 
comprising H„ and //„ which may be cage compounds were observed by 

1 0 Solids-Probe-Quadrapole-Mass-Spectroscopy as given in the 
corresponding section. 

The negative TOFSIMS spectrum m/^= 0 - 200 of 99.99 % pure Kl is 
shown in FIGURE 23. The negative TOFSIMS spectrum m/-r = 0-200 of 
sample #6 is shown in FIGURE 24. The peak assigned to Si,W„(«„)" 

15 127.267265) is shown in the negative TOFSIMS spectrum of" sample 

«6 (FIGURE 24). The experimental mass is 127.2640 which is in excellem 
agreement with the calculated tiiass. The peak was not due to a 
metasiable. The peak was not a function of sputtering, it was 
symmetrical, and the mass resolution was better than that of ihc iodide 

20 peak. 

Using the oxygen peak as an intensity standard, an intense hydride 
ion ir{Up) (m/e = 1.007825) relative to that of the control. 99.999% pure Kl 
was observed. The normal source of hydride ion. //"(l/l). is 
hydrocarbons. The source of the increase of the hydride ion peak of 

25 sample #6 may be due to hydrino hydride ions, /r(l/;j). l /p = 1/2 to 1/24. 

During acidification and concentration of the K,CO^ electrolyte of the 
BLP Electrolytic Cell to prepare sample «6. the pH repetitively increased 
from 3 to 9 at which time additional acid was added with carbon dioxide 
release. A reaction consistent with this observation is the displacement 

3 0 rcacuon of /- for HCO; of an inorganic hydrogen polymer comprising 
monomers such as [KH KHCO^] analogous to the reaction of Eq. (56). 
Further evidence of a potassium iodide hydrino hydride polymer 
comprised extreme shifts of the iodide XPS peaks. The I3d^ and 1 3d, 
peaks of the XPS of sample «6 as given in TABLE 33 comprised two sets 

3 5 of peaks. The binding energies of the first set was /3rf, = 618.9 eV and 
/3<f, = 630.6 «V corresponding to W. The binding energies of the second 
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extraordinary set peoks was /3^, =644.8 eU and / 3rf, = 6S5.4 ^\/. The 
maximum J 3d^ shift given is 624.2 eV corresponding to KIO^. 

A peak assigned to KHI (m/e - 166.875935) was observed in the 
positive TOFSIMS spectrum of sample #13. The positive TOFSIMS of 
5 sample fiI4 also showed a KHi peak. The peak assigned to KHI was of 
greater intensity than that assigned to KL A general structure for an 
alkali mclal-halide hydrino hydride compound which may form a 
polymer is 

\ / 
K* 

10 The hydrino hydride compounds KHKHCO^ and KHK! which may form 

polymers were assigned to LOMS peaks of sample #13 as described in the 
Idcniificaiion of Hydrino Hydride Compounds by Liquid- 
Chromatography/Mass-Spectroscopy (LC/MS) Section. 

An alkali-meial-halidc hydrino hydride coiTipound of ihe gas cell 

1 5 hydrino hydride reactor comprising a Kl caiajyst is KH,l which may be a 

polymer fragment. The positive TOFSIMS spectrum m/e-0-50 of sample 
//1 5 is shown in FIGURE 25. The ''Kl '^K ratio of the positive TOFSIMS of 
99.999% pure Kl was the natural abundance ratio and was equivalent to 
that shown in FIGURE 5. An intense '^KH; peak was observed in the 

2 0 positive TOFSIMS spectrum. The negative post sputtering TOFSIMS 

spectrum m/^^0-200 of sample #15 is shown in FIGURE 26. The negative 
TOFSIMS spectrum was dominated by the hydride ion and the iodide ion. 
The positive and negative TOFSIMS spectra of sample #15 arc consistent 
with hydrino hydride compounds KH^I and KH. Other hydrino hydride 
2 5 compounds were present in less abundances. The hydrino hydride 
compounds (mU) assigned as parent peaks or the corresponding 
fragments (m/e) of the positive Time Of Flight Secondary Ion Mass 
Spectroscopy (TOFSIMS) of sample #15 taken in the static mode appear in 
TABLE 8. 
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TABLE 8. The hydrino hydride compounds (m/c) assigned as parent peaks 
or the corresponding fragments (/;i/e) of ihe positive Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample //!5 taken in the 
sialic mode. 



Hyditno Hydride 


Nominst 






Difference 


Compouiid 


Mass 




1)1 / e 


Between 


or Fragment 


mfe 






r^ ri f-v 

v/uservea 
and Calcul^torl 
inf € 




38 


38.901 


38.9058417 


0.005 


KH, ^ 


4 t 


40.97 


40.97936 


0.009 


Ti 


4 8 


47.95 




O.OOO 


TiH 


4 9 


48.96 


*♦ o.yb / 025 


0.002 


KHKOH^ 


97 


96.945 


C3 o . y ooU i> 


0.0008 


Ag 


107 


106.90 


106.90509 


0.005 


KKllKOn 


135 


134.90 


134.90169 


0.002 


KH.KHKO 


136 


135.92 


135.909515 


o.oioo 


KHKHKOH, 


137 


136.92 


136.91734 


0.003 


K{KH\m 


149 


148.91 


148.90476 


0.005 


K{HNO,\ 


165 


164.95 


164.95496 


0.005 


KHI 


167 


166.89 


166.875935 


0.014 


Snaties/Siloxanes 












193 


192.98 


192.97891 


0.001 




199 


198.97 


198.973865 


0.004 



Interference of ^KU; from ^'K was eliminated by comparing the ^'Kl ^^K 
ratio witti the natural abundance ratio (obs. = 11^^ = 82%, nal. ab. ratio 



2.2 X 10* 



93.1 



= 7.4%). 



The hydrino hydride compounds (m/e) assigned as parent peaks or 
10 the corresponding fragments (m/c) of the negative Time Of Flight 

Secondary ion Mass Spectroscopy (TOFSIMS) of sample #15 taken in the 
static mode appear in TABLE 9. 



TABLE 9. The hydrino hydride compounds (m/c) assigned as parent peaks 
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or the corresponding fragments (nife) of ihe negative Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample *M5 lakcn'^in the 



sialic mode. 



Hytirino Hydride 
CompourxJ 
Of Fragment 


Nominal 
Mass 


Observed 
/II / e 


Calculated 
m / € 


Deference 
Betweert 
Observed 
and Calculated 
mi e 


H ^ 




1.01 


1.007825 


0.002 




107 


106.90 


106.90509 


0.005 



Intensity = 890.000 (post spulteiing) dominates the negative spectrum; 
5 whereas, the intensity of Ihe oxygen peak = 600.000 which was 
significant relative to previous sannples wherein the oxygen peak 
donriinated the negative spectrum. 



10 



15 



Kli^l was identified by ESITOFMS of sample «13. The positive 
ESITOFMS spectrum (m/e= 15-800) of sample un is shown in FIGURE 27, 
The = 167,9368 peak was assigned to KH^I. This peak was absent iu the 
control positive ESITOFMS spectrum of 99.999% Kl, The hydrino hydride 
compounds {mfe) assigned as parent peaks or the corresponding 
fragments (m/e) of the positive Elecirospray'Ionization-Time-Of Flight- 
Mass-Spectroscopy (ESITOFMS) of sample //1 3 appear in TABLE 10. 

TABLE 10, The hydrino hydride compounds {mfe) assigned as parent 
peaks or the corresponding fragments (m/e) of ihe positive Elecirospray- 



Hydiino Hydride 


Nominal 


Observed 


Caicutafed 


Difference 


Compound 


Mass 


mi € 


mfe 


Between 


or Fragment 


mfe 






Observed 










and Calculated 










ml e 


Kli, * 


A^ 


40.9747 


40.97936 


0.005 




95 


94.9487 


94.930155 


0.019 


KHKOH, 


97 


96.9459 


96.945805 


0.000 


1011 


144 


143.9205 


143.907135 


0.013 


lO,H, 


161 


160.9196 


160.90987 


0.010 
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160 


167.9366 


K(KIO) KH 


26 1 


260.0203 



167.88376 



260.796265 



0.053 



0.022 



ratio with the natural abundance ratio fobs 
93.1 ' 



22%, nal. ab. ralio = 



I 0 



1 5 



20 



Potassium hydrino hydride compounds were ideiuificd by TOFSIMS 
spectra of sample «16. The positive TOFSIMS spectrum /h/< = 0-50 of 
sample #16 is shown in FIGURE 28. An intense "w; peak was observed 
in the positive TOFSIMS spectrum. The negative TOFSIMS spectrum was 
dominated by the hydride ion and the iodide ion. The positive and 
negative TOFSIMS spectra of sample //1 6 were consistent with hydrino 
hydride compounds KH,I and KH . Other hydrino hydride compounds 
were present in less abundances. The hydrino hydride compounds 
assigned as parent peaks or the corresponding fragmcms {mU) of the 
positive Time Of Flight Secondary Ion Mass Spectroscopy (TOFSIMS) of 
sample #16 taken in the static mode appear in TABLE 11. 

TABLE n. Tlie hydrino hydride compounds (,nl e) assigned as parent 
peaks or the coiresponding fragments (mU) of the positive Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #16 taken in the 
static mode. 



Hydrino Hydride 
Compound 
Of Fragment 


Nominal 

Mass 

m/e 


Observed 
ml e 


Calculaled 
ml e 


Diflerence 
Between 
Observed 
and Calculated 
mi c 


Si 


28 


27.97 


27.97693 


0,007 




38 


38.900 


38.9058417 


0.006 


KH^ ^ 


4 1 


40.97 


40.97936 


0.009 


Ag 


107 


106.90 


106.90509 


0.005 


AgH 


108 


107.92 


107.912915 


0.007 


KHKHCO, 


124 


123.93 


123.93289 


0.003 


KNO^KH 


125 


124.92 


124.928135 


0.008 


KKHKOn 


135 


134.90 


134.90169 


0.002 
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174.89 



17*1.886955 



0.003 



Inlerference of ''A'W; (rom '*A' was eliminated by comparing the *^K/ ^'/^ 



ratio with the natural abundance ratio (obs. = 



\.7 X \0' 
2.0 X JO' 



^ = 60%, nat. ab. ratio 



93.1 



.= 7.4%). 



5 The hydrino hydride compounds (m/e) assigned as parent peaks or 

the corresponding fragments {m/e) of the negative Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #16 taken in the 
sialic mode appear in TABLE 12. 

10 TABLE 12. The hydrino hydride compounds (m/e) assigned as parent 

peaks or ihc corresponding fragments {m/e) of the negaiive Time Of Flight 
Secondary Ion Mass Speciroscopy (TOFSIMS) of sample #16 taken in the 



sialic mode. 



Hydrino Hydnde 


Nominal 


Observed 


Calculated 


DUlerence 


CouipourKJ 


Mass 




ml c 


Between 


or Fragment 


m/e 






Observed 
and Calculated 
m/e 




1 


1.01 


1.007825 


0,002 




107 


106.90 


106.90509 


0.005 


Ga,H 


139 


138.85 


138.85922S 


0.009 



Intensity = 1.750,000 (presputtering) dominates the negative spectrum; 
15 whereas, the intensity of the oxygen peak = 1,300,000 which was 
significant relative to previous samples wherein the oxygen peak 
dominated the negative spectrum. The hydride ion also dominated the post 
sputtering negative spectrum. The intensity was equivalent to that of the 
iodide peak. 

20 

The power from the catalysis of hydrogen (e.g. Eqs.(3-5)) and 
hydride formation (Eqs. (Ua lib)) can be quantified from the weight of 
increased binding energy hydrogen compound product and the energy of 
formation of the product. One method to determine the product yield is 
2 5 TOFSIMS. The negative TOFSIMS relative sensitivity factors (RSF) are 

I 
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shown in FIGURE 29. The RSF for ihc halidcs arc all abom cquivalcni. 
The RSF of normal hydride ion has noi been obtained since ii reacts 
violcndy with air and is unstable under ultrahigh vacuum. The hydrino 
hydride ion is in the same group as the halidc ions. Thus, its RSF is 
5 projected lo be equivalent to that of the halides. Thus, the atomic 

percentage of hydrino hydride ion may be determined by comparison of 
lis intensity with that of the halide ion ol the catalyst such as KX wherein 
X is a halidc ion. The atomic percentage of hydrino hydride ion 
determined from the negative TOFSIMS spectrum m/e = 0-200 of sample 
10 « 15 (FIGURE 26) is given by 100 times the hydride ion counts divided by 
the sum of the hydride ion and iodide ion counts 
890,000 

^mooo+U50.000^'^=^'^''^- The original moles of i:/ was 0.36. Thus, 
0.36X0.44 = 0.16 moles of hydrino hydride ion were produced. 

The distribution of hydrino hydride ions may be determined by X- 

1 5 ray Photoelectron Spectroscopy (XPS). Iodide may be removed by 

titrating the sample with AgNO^ so thai the binding energy spectrum of 
the hydride ions can be observed. Agl precipitates to the endpoim which 
can confirm the iodide anion deficit wliich corresponds to the amount of 
hydrino hydride ion. Except for the samples containing inorganic hydrino 
20 hydride polymers such as sample #1, sample #2, and sample ^B, the 

hydrino hydride distribution over the states /> of //"(n = 1 / p) were similar. 
For example, the X-ray Photoelectron Spectrum (XPS) of sample UM is 
shown in FIGURE 30. Since XPS relative sensitivity factors (RSF) are 
dependent on the geometric cross section, the hydrino hydride ion 

2 5 H'{n = \i p) RSFs are predicted lo be a function of the inverse of the radius 

squared as given in TABLE L Quantitative XPS can give the hydrino 
hydride population distribution to within a few percent. As an example 
of the determination of the energy of formation of a hydrino hydride ion 
consider the //-(;i = i/5) peak shown in FIGURE 30 at a binding energy of 

3 0 16.7 eV, The corresponding enthalpy of formation from molecular 

hydrogen is given by one half the quantity of two times the binding 
energy of ff(rt = I/5) (340€V), minus the total energy of molecular hydrogen 
(31.6 eV), plus two times the binding energy of //•*(n = 1 /5) (16.7 eV). Thus, 
the enthalpy of formation of //'(n = 1/5) is 341 which is equivalent 
3 5 y.^XXO^ J f moles , As an exemplary energy calculation consider that 100% of 
the product of the reaction that produced sample #15 is /r(n = 1/5). The 
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corresponding energy of ihe rcaciion that produced sample #15 is 
OAGnwicsX33X\0' J/molcs^5.3MJ. The cell was operated for 48 hours; 
thus, the average power based on (he formation of f!'(n = ]n) was 31 
Rubidium is a further example of an alkali hydrino hydride. The 
5 positive post sputtering TOFSIMS spectrum = 50 -100 of sample ^18 is 
shown in FIGURE 3L The negative post sputtering TOFSIMS spectrum 
m/e^SO-m of sample #18 is shown in FIGURE 32. may saturate the 

detector for samples which may contain hydrino hydride compounds 
under TOFSIMS conditions which yield norma! results in the case of the 
10 corresponding control. The observed m/e = 87 peak of the positive 

TOFSIMS spectrum of sample #18 was more intense than the m/e^ZS 
peak The natural abundance of ''Rb is 72.15%. and the natural abundance 
of ''Rb is 27.85%. ^'Rb' from Rbll may saturate the detector due to the 
much greater atomic percent rubidium in this compound. Or, may RhH 

1 5 may have a greater rubidium ion TOFSIMS relative sensitivity factors 

(RSF). In support of either explanation, the ^^Rb peak dominated the 
positive spectrum of sample #18 shown in FIGURE 31, and the hydride 
peak dominated the negative ion spectrum shown in FIGURE 32 wherein 
the ''Rb peak was much greater than the natural abundance. Whereas, the 

2 0 natural abundance of "Rb was observed in the post sputtering positive 

TOFSIMS of the matched Rbl control. Hydrino hydride peaks KHKOH;, 
RbHKOH; <iud RblfRbOH; were also observed in the positive post sputtering 
TOFSIMS spectrum of sample #18 having a greater intensity than the 
KKOii\ RbKOli\ and RbRbOW peaks, respectively. Thus, rubidium is 

2 5 observed to form alkali hydrino hydride compounds that are also formed 

by potassium. Hydrino hydride compounds containing rubidium and 
potassium arc also formed. The hydrino hydride compounds (w/e) 
assigned as parent peaks or the corresponding fragments {mfe) of the 
positive Time Of Flight Secondary Ion Mass Spectroscopy (TOFSIMS) of 

3 0 sample #18 taken in the static mode appear in TABLE 13. 
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TABLE 13. The hydrino hydride compounds (m/e) assigned as parent 
peaks or Ihe corresponding fragmenis (m/e) of (he possiive Time Of Flighl 
Secondary Ion Mass Spectroscopy {TOFSIMS) of sample #18 taken in the 
static mode. 



Hydrino Hydride 
Compound 
or Fragment 


Nominal 
Mass 
mi € 


Observed 
m / c 


Calculated 
mi e 


Dilference 
Between 
Observed 
and Calculated 
mi e 




87 


86.91 


86-909184 


0.001 


KHKOH, 


97 


96.94 


96,945805 


0.006 


RbHKOlU 


143 


142.89 


142,893795 


0.004 


RbHRbOH^ 


189 


188.84 


188.841785 


0.002 



5 ^ The observed ^^Rb ratio was significantly greater than the natural 
abundance ratio (obs. 2 3X 10^ '^^Q^^^^ ^b. ratio = ^^ = 38.6%). 

The hydrino hydride compounds {mie) assigned as parent peaks or 
the corresponding fragments (m/c) of the negative Time Of Flight 
1 0 Secondary ion Mass Spectroscopy (TOFSIMS) of sample #18 taken in the 
sialic mode appear in TABLE 14. 
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TABLE 14. The hydrino hydride compounds {.n/e) assigned as pnrcnt 
peaks or the corresponding fragments (mie) of (he negative Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample «I8 taken in the" 
static mode. 



Hydrino Hydride 


Nominal 


Observed 


Calculated 


Difference 


Compound 


Mass 


mi € 


m / e 


Between 


or Fragmenl 








Observed 










and CalcuU-iied 










mi e 




1 


1.01 


1 .007825 


0.002 


a . . , , . — ' 





spectrum; whereas, the intensity of the oxygen peak = 850.000 which was 
signilicant relative to previous samples wherein the oxygen peak 
dominated the negative spectrum. 



10 



15 



20 



25 



30 



The significant presence of hydrino hydride compounds in sample 
#14 and sample #20 matched the exceptional power signatures. An 
accelerating power surge was observed witit Kl or KBr as the catalyst, 
respectively. For example, the gas cell hydrino hydride reactor of sariiple 
#20 comprised a Klir catalyst and titanium mesh filament dissociator that 
was treated with 0.6 M K,CO,m% H,0, before being used in the quartz 
cell. The cell was operated at 800 X. and KBr catalyst was vaporized into 
the gas cell by heating the catalyst reservoir. Hydrogen was flowed 
through the cell at a steady state pressure of 0.5 torr. The cell produced a 
100 W excess power burst and then the filament melted. The power 
burst may have been due to the formation of titanium hydrino hydride. 
Titanium hydrino hydride may be an effective catalyst wherein is the 
active species. Furthermore, titanium hydrino hydride is volatile and 
may serve as a gaseous transition catalyst. Titanium is typically in a 4+ 
oxidation slate. Increased binding energy hydrogen species such as 
hydrino hydride ions may stabilize the 2+ oxidation state. Exemplary 
titanium (H) hydrino hydride compounds are Wi(\i p\. Since titanium 
was used as the dissociator to provide atomic hydrogen, the titanium 
hydrino hydride catalyst may have been the cause of the observed 
accelerating catalytic rate wherein the product of catalysis, hydrino, 
reacted with the titanium to produce further titanium hydrino hydride 



30 
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ca.aiys,. The .nchod ,o s.nn ,he process may have been ,he forma.ion of 
hydrino by the iransiiion caiaivsi k'fir r. . / '0"i'a««on of 

k„. u caiatysi KBr. or iiianium liydrino hydride mav 

K,CC>,/10% H,0,. A large («i /<r 48 957825) 
peak was observed in the positive TOFSIiVIS spectrum of the ,i,.ni. 
wHh a„ a,ueo..s solution of about 0.6 M ..coJlO^ 4- To de^le 
whether tuatuum hydrino hydride was further produced in .he gas cell 
hydn„o hydr.de reactor to serve as a catalyst accord.ng ,o E,s '(27 29 
XPS an pos,..ve TOFSIMS were performed at a Xerox CorporLo T, " 
shtfts o the ...a„.um XPS peaks was consistent with titanium hydride 
The post sputtering positive TOFSIMS spectrum „,/. = 40-50of " 
control tuanium foil (sample #19) is shown in FIGURE 33 The post 
sputtering positive TOFSIMS spectrum ../e = 40 - 60 of samole «7n > 
Shown in FIGURE 34. fmA-a8 0«n«o« . ^ 

iin (m/<- 48.957825) was observed. The 

experimental mass of (m/e = 4}l<)f,^ «,ac ^i^ 

caiCated mass. Thus! the P^^^^^.T of'-^;;— 

may have served as a catalyst to form further titanium hydrino hydride 

nota« ''"''"^ ''^<'-^-^ --PO-<»s (e g he 

potass.um-.od,de-hydrino-hydride polymer in the case of the cell 
wherein the catalyst was Kl (sample #14)). 

M+ i metal hydride peaks may be observed in the positive TOFSIMS 
spectra of control metal foils wherein the intensity is a function ol the 
pa t.c„,a. metal and hydrocarbon surface contamination. This possibility 
can be ehmmated by sputtering the sample. Post sputtering metal foil 

cases such as trans.t.on metal hydrides. M.t peaks are not normally 

U.e,a„^mhyd„no hydride.,^ ..6 ,os. s.nuen., 

TOFSIMS spectra were obtained. A signif.cant peak was observed 

w. h an mtensity that was greater than that of ^TT. These peaks were 
not present in the case of the titanium foil control 

Metal hydrides such as TiH{Up)^ may form polymers. A general 
structural formulae for a linear polymer is 

H(l/p)— MH„-- 



m 
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and a general structural formula for a bridged polymer is 



H(Wp) 



v. 2" 



H (t/p) 



H (1/p) 
H(t/p) 



where Af is a metal such as a Iransilion metal or tin, m and n are 
integers, and the hydrogen content ///of the compound comprises at least 
5 one increased binding energy hydrogen species. M may also represent 
the combination of a metal such as a transition metal or tin and an alkali 
or alkaline earth. 

The observation of metal hydrino hydride compounds wiih all of the 
isotopes present was well as the unique mass deficit at these nominal 
I 0 masses corresponds to and dispositively identifies metal hydrino hydrides. 
Several metals were analyzed and serve as examples of metal hydrino 
hydrides. 

The post sputtering positive TOFSIMS spectrum m/e-44-54 of 
sample #21 is shown in FIGURE 35, The post sputtering negative TOFSIMS 

1 5 spectrum m/e = 0-60 of sample Wl\ is shown in FIGURE 36. The titanium 
hydrino hydride ion ^Yi7/* was assigned to the m/€=i 49.96 peak. The 
hydride ion dominated the post sputtering negative spectrum. The 
TOFSIMS results were consistent with a thick titanium hydride coat. The 
hydrino hydride compounds (m/e) assigned as parent peaks or the 

20 corresponding fragments {m/e) of the positive Time Of Flight Secondary 
Ion Mass Spectroscopy (TOFSIMS) of sample #21 taken in the static mode 
appear in TABLE 15. 
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TABLE 15. The hydrino hydride compounds (m/e) assigned as parent 
peaks or ihe corresponding fragmcnis {mfe) of the positive Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample «21 taken in the 
steiic mode. 



Hydrino Hydride 
Compound 
or Fragment 


Nonninal 
Mass 
mi e 


Observed 
mi € 


Calculated 
ml e 


DiMefence 
Between 
Obsen/Gd 
and CalcUatcd 
mfe 


Ti 


4e 


47.95 


47.95 


0.000 


TiH 


49 


48.96 


48-957825 


0.002 


H 


107 


106.90 


106,90509 


0.005 



The hydrino hydride compounds (mie) assigned as parent peaks or 
the corresponding fragments (w/c) of tlie negative Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample «21 taken in the 
static mode appear in TABLE 16. 

TABLE 16. The hydrino hydride compounds (mft) assigned as parent 
peaks or the corresponding fragments (m/e) of the negative Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample «21 taken in the 
static mode. 



Hydrino Hydride 


Nominal 


Observed 


Calculated 


Difference 


Compound 


Mass 


mie 


mie 


Between 


or Fragment 


m/e 






Obsen/ed 










and Calculated 










mie 




1 


I.Ot 


1.007825 


0.002 


m 


49 


48.96 


48.957825 


0.002 



whereas, the intensily of the oxygen peak = 50.000 which was significant 
relative to previous samples whereifj the oxygen peak dominated the 
negative spectrunft. 



20 



The post sputtering negative TOFSIMS spectrum m/e = 53-6l of 
sample #22 is shown in FIGURE 37. No iron hydride peak was observed in 
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the pos. sput.ering negative TOFSIMS specirum m/e = 53-M ., 
iron fon (snn^ple .20). The pos, spucter'no al ve TOPS Lf 
"./-53-6. of sa..pie «23 is shown .n HGv7b 7s j^J^ I T 
hydndc .on Ve/r was assigned .o ...e ./Ts .. pel Te T • 
5 dominaced che pos. spuuering nega.ive specuul ''"'^ 
The pos. spuuering positive TOFSIMS spectrum m/e=:ll2 lis 

Zir " """" "' "^"""^ "y"^^ z 

K ^ '^'-^-'O) °f sample «24 IS shown h FIGURP 41 T-. ■ 

hydnde was observed that was independent of spuuln" 

The post sputtering negative TOFSIMS spectrum mte-lOO 9nn «f 
sample «24 is shown in FIGURE 42 Pla,i„,J,^ ""Z^- JOO-200 of 
•5 hydride peaks were observed Plaunu. hydrino 

The prcsputtering negative TOFSIMS spcctnim (mf e~0~30^ nf 
sample «24 is shown in FIGURF 43 Th^ nJ, Kmf e~0~30) of 

2 0 hydnde peak ,s assigned .o metal hydrino hydride compounds Z 
ydr,no hydr.de compound. assigned as parent peaTs or .h 

corresponding fragments (./e) of the positive Time Of Flight sl„darv 
loa Mass Spectroscopy (TOFSIMS) of sample #24 taken i„ f, ^^^^^^^'^ 
appear in TABLE 17 " ^'^^''^ "^^^ 



25 
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TABLE 17 The hydririo hydride compounds (w/e) assigned as parent 
peaks or ihc corresponding fragments (m/e) of ihe posiiive Time Of Flighl 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample U24 lakcn in ihe 
sialic mode. 



Hydfino Hydride 
Conipcund 
Of Ffagment 


Nomrnal 
Mass 
HI / e 


Observed 
m / e 


CatculatGd 
m/e 


DiHerence 
Between 
Observed 
and Calculated 
m / € 




1 


1 .01 


1.007825 


0.002 


Mg 


24 


23.98 


23.98504 


0.005 


mgii 


25 


24.99 


24.992865 


0.003 


Al 


27 


26,98 


26.98153 


0.001 


AlH 


28 


27,98 


27.989355 


0.009 


Ti 


48 


47.95 


47.95 


0.000 


TiH 


49 


48.96 


48.957825 


0.002 


Cr 


52 


51.94 


51.9405 


0.000 


Crli 


53 


51-94 


52.948325 


0.008 




54 


53.96 


53.95615 


0.004 


Mn 


55 


54.94 


54.9381 


0.002 


Fe 


56 


55.93 


55.9349 


0.005 


Feti 


57 


56.94 


56.942725 


0.0O3 


Ni 


58 


57,93 


57.9353 


0.005 


Niti 


59 


58.94 


58.943125 


0.003 


Cu 


63 


62.93 


62.9293 


0.001 


Zfi 


6 4 




63,9291 


0.001 




121 


120.91 


120.91 1225 


0.001 




137 


136,90 


136.906135 


0.006 




194 


193,82 


193.83361 


0,014 




195 


194.84 


194.841435 


0.001 


Silancs/Siloxanes 










Si 


28 


27.98 


27.97693 


0.003 


SiH 


29 


28.98 


28.984755 


0.005 




101 


100.96 


100.96452 


0.005 




102 


101.97 


101.972345 


0.002 
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2 X iO* 

Intensity = 10.000 with a /// 'V = — — — = i0O% v^^hich was significant 

relative to the conlrol KHCO, with a H/ ^'K = ^'^ ^^^\o2A% 

3-3X10* 

The hycirino hydride compounds (m/e) assigned as parent peaks or 
5 the corresponding fragments {mfe) of the negative Time Of Flight 

Secondary Ion Mass Spectroscopy (TOFSIMS) of sample «24 taken rn the 
static mode appear in TABLE 18, 

TABLE 18- The hydrino hydride compounds {mfe) assigned as parent 
10 peaks or the corresponding fragments {mie) of the negative Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample ^2A taken in the 
static mode. 



Hydrino ftydride 


Nominal 


Observed 


Calcufaled 


Difference 


Compound 


Mass 


mie 




Between 


or Fragment 


mie 






Obsen/ed 
and Cafculated 
mie 


// ^ 


1 


I.Ot 


1.007825 


0.002 




52 


62.00 


52,00138 


0.001 




195 


194.97 


194.970625 


0.001 



^ Intensity = 2,600,000 (post sputtering) dominates the negative 
spectrum; whereas, the intensity of the oxygen peak = 100,000 which was 

1 5 significant relative to previous samples wherein the oxygen peak 

dominated the negative spectrum. 

Nickel hydrino hydride compounds such as NiH were observed in 
the positive and negative TOFSIMS spectra of sample #25. The post 

2 0 sputtering negative TOFSIMS spectrum w/e = 50-100 of sample #25 is 

shown in FIGURE 45. Nickel hydrino hydride peaks NIH were observed. 
The hydrino hydride compounds (w ^^) -assigned as parent peaks or the 
corresponding fragments (m/r) of the posilivc Time Of Flight Secondary 
Ion Mass Spectroscopy (TOFSIMS) of sample #25 taken in the static mode 
2 5 appear in TABLE 19. 
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TABLE 19. The hydrino hydride compounds (mic) assigned as parent 
peaks or che corresponding fragmenls («,/e) of the posHivc Time Of FHoht 
Secondary Ion Mass Speciroscopy (TOPS IMS) of sample #25 «aken in the 
static mode. 



Hydiino Hydride 
Compound 
or Fragment 


Nominal 
Mass 
ml e 


Obsea'ed 
ml e 


Ca)cu(aled 
ml € 


Oiffereoce 
BvUveen 
Observed 
and Calcufaled 
ml e 


hig - 


24 


23.98 


23.98504 


0,005 


At 


27 


26.98 


26.98153 


0.001 


Ca 


40 


39.96 


39.96259 


0.003 


Ti 


48 


47.95 


47.95 


0.000 


Till 


49 


48.96 


48.957825 


0.002 


Cr 


52 


51.94 


51.9405 


0.000 


Mn 


S5 


54.94 


54.9381 


0.002 


Fe 


56 


55.93 


55.9349 


0.005 


FeH 


57 


56,94 


56.942725 


0.003 


Ni 


58 


57.93 


57.9353 


0.005 


NiH 


59 


58.94 


58.943125 


0.003 


7m 


64 


63.93 


63.9291 


0.001 


NiCli^ 


72 


71.95 


71.95095 


0.001 


NiCHy 


73 


72.96 


72.958775 


0.001 


NiO 


74 


73.93 


73.93021 


0.000 


NiOH 


75 


74.94 


74.938035 


0.002 


NqNUI^ 


8 3 


82.94 


82.94075 


0.001 


NaNiHy 


84 


83.95 


03.948575 


0.001 


NaNiH^ 


85 


84-95 


84,9564 


0.006 




86 


85.96 


85.964225 


0.004 


NaNiH^ 


87 


86,97 


86.97205 


0.002 


KHKOH 


96 


95.94 


95.93798 


0.002 


KHKOH, 


97 


96.95 


96.945805 


0.004 




98 


97,96 


97.95363 


0.006 


KH, KOH^ 


99 


98,97 


98.961455 


0.009 


KH, KOH^ 


100 


99.97 


99.96928 


0.001 
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\ 16 


1 15.865 


1 15.8706 


0.006 


NijH 


n? 


1 16.875 


1 16.878425 


0.003 


CuNi 


121 . 


120.66 


120.8651 


0.005 


CuNiH 


122 


121.87 


121-872925 


0.003 


NijO 


1 32 


131.86 


131.86551 


0.006 




133 


132.87 


132.873335 


0.003 




134 


133-88 


133.881 16 


0.001 




1 35 


134.88 


134!88898S 


0.009 


Cu.OH 


143 


142.87 


142.862335 


0.008 


Silanes/SiSoxanes 










Si 


28 


27.98 


27.97693 


0.003 


SiH 


29 


28.98 


28.98475S 


0.005 


SiOH 


45 


44.98 


44.979665 


0.000 



The hydrino hydride compoimds (m/e) assigned as parent peaks o 
the corresponding fragments {mie) of the negaiivc Time Of Right 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #25 taken in the 
5 static mode appear in TABLK 20. 



TABLE 20. The hydrino hydride compounds (m/e) assigned as parent 
peaks or the corresponding fragments (m/e) of the negaiivc Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #25 taken in the 
1 0 static mode. 



Hydrino Hydndc 
Compound 
or Fragment 


Nominal 

Mass 
ml c 


Obsofved 
mi € 


Calculated 
mi € 


Difference 
Between 
Observed 
and Calculated 
mi t 


KM, 


43 


42.99 


42,9950t 


0.005 


{NaH\ 


46 


47.99 


47.99525 


0.005 




49 


49.00 


49.003075 


0.003 


Ni 


58 


57.93 


57.9353 


0.005 


NiH 


59 


58.94 


58.943125 


0.003 


NiO 


74 


73.93 


73.93021 


0.000 


NiOn 


75 


74.94 


74.938035 


0.002 
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i 0 



NiffOH 


7 6 


75.94 


75.94586 


0.006 


Nili^OH 


7 7 


76.95 


76.953685 


0.004 


NiO, 


y 0 


89.92 


89.92512 


0.005 


.NtOJi 

7 


y 1 


90.93 


90.932945 


0.003 




if c 


9 1 .94 


91.94077 


0.001 


GaKH 


1 no 


1 08.89 


108.897235 


0.007 






1 1 1 .86 


111.8698 


0.010 


KJi 


1 1 o 
1 1 o 


1 1 7.89 


1 17.898955 


0.009 * 




* 1 y 


1 1 8.90 


1 18.90678 


0.007 


NijHO 


1 33 


132.87 


132.873335 


0.003 


NLHOH 


1 34 


133,88 


133.88116 


0.001 




1 5 1 


150.89 


150.8966 


0.007 




152 


151.905 


151,904425 


0.001 


KH KSOy 


159 


158.89 


158.892045 


0.002 




164 


163.86 




0.005 




165 


164.87 


164.863155 


0.007 




166 


165.87 


165.87098 


0.001 


Silaiics/Siloxanes 










Si 


28 


27.98 


27.97693 


0.003 


SiH 


29 


28.98 


28.984755 


0.005 



I 5 



In addition to TOFSIMS. polyhydrogcn species were observed by 
XPS. ESITOFMS. Sotids-Probc-Magnctic-Scctor-Mass-Spectroscopy 
(SPMSMS), and Solids-Probe-Quadrapolc-Mass-Spcctroscopy (SPQMS) 
given in the respective sections. Tlic most common parent or fragment 
ion was found to arise from a compound comprising 16 24 or 70 
Jiydrogcn atoms, such as W,;. OH;,, and C//;, respectively, 'rhc formation 
of 16 and 24 atom hydrogen species may be due to the stability of the 
hydrino hydride ions /r(l/i6) and W-(U24). The formation of 70 
hydrogen atom species may be due to the stability of a cage structure. 

A polyhydrogen compound comprising 23 and 70 hydrogens with 3- 
charge. NaH,,Hi;, was observed in the positive TOFSIMS spectra of sample 
«7, sample #15. and sample «16. In each case, the agreement between 
the experimental mass = 38.903, m/e = 38.901. and m/« = 38.900. 
respectively, and the calculated mass m/« = 38.9058417 is excellent* The 
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20 



25 



30 



35 



sampk *16 are shown m FIGURE 46. FIGURE 47. and FIGURE 48 
rcspecvciy. Each peak assigned ,o A,.//,.//- has a mass rcsoluuoa ,hat is 
.be«er .han .ha. of .he potassium peak; thus, each is no, a me.as.able 
peak. No such peak with a high nonmal mass is seen a, .he posi,io» of 
.ny of .he o.her .den.T.able peaks including ,hus, each p^ak ,s no. 
due .0 de.ec.or ringing or energetic ions. Each peak ca„„o, be explained 
as an .ns.ru.en. ar.ifac. since each .as prcsen. a. ,he carl.es, uL of 
acquisition. 

3^. Identification of Hyrlrino Hvdrid. Crr^p .,,.,. ^yJUsmL 
ChrQ»natopraDhv/Mass .SpectrA<:rnov n.r/'M <f) 



3.3.1 



Liquid-Chroma.ography/Mass-Spcc.roscopy (LC/MS) 



I-'qu.d-Chromatography/Mass-Spectroscopy (LC/M.S) is a widely 
used technique for the separation, isolation, and identification of soluble 
substances. Compounds are separated by liquid chrotna.ographv. and 
ana yzcd by mass spectroscopy. In Hq„id chromatography (LC) ' a sample 
dissolved in a solvent known as the mobile phase.' L lob He pi asc L 
forced though a column of tightly packed solid particles w,«ch foL J 
.attonary phase. In .he case of reversed phase partition chromatography 

polar solvent serves as the mobile phase, and the stationary phase is 
formed of particles, usually porous silica, coated ^vi,h chemically or 
physically bonded non-polar moieties. As Ihe mobile phase is cluted 
Uuough the column under high pressure, the solute interacts with the 
stationary phase which retards its migration through the column The 
constuuents of the sample are .hus fractionated according ,o the retention 
..me. the ..me .o elute from the column. I„ reversed phase partition 
chromatography, highly polar or ionic species are cluted first since they 
have virtually no interaction with the stationary phase. Non-polar 
molecules such as hydrocarbons arc elutcd later. 

r.,.J" r^"^^' rT. ' characteristic and reproducible 

retention ..me .s fed into a mass spectrometer for analysis. A turbo 

usld'T'. ^"P'-q»=^drapole mass spectrometer was 

used. The turbo ESI co„ver,s the mobile phase to a fine mis. of ions 
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These .oos arc ,l,en scparmed according ,o „,ass in a quadranole radio 
frequency Cccric field. LC/MS provides infor.auon dp sing L 
so u.e pCaray based .he re.e„,.on .i.ne. 2, ,ua„.i.a.ive nforl io„ 
.con,p,.,.„g conccn,ra,.on based on .he chrca.ogram peak are and 
:jj;7;- ----O" -d on .e .nass spec.r„. or^as. .o ' c^.e 

Samples were scnl .o Ricerca. Inc.. Paincsvillc. Ohio for LC/MS 
analysis. The mslrument was a PE Sciex APf 365 IP/mq/mc o 

»205129) Tl,« samples were dissolved i„ 30/50 w„e,M.,h,„o, 0 05% 
forn„c .c,d « , co„ce„,„,i,„ of 2 The sample el„,ad J!T, 

grad,c„, .echmq^ „i,h .he eluen.s of „ sol„,i„„ a (w..e, * 5 

Time (inin.): 0 I 20 2 1 2 5 2 5 

90 90 0 90 90 100 
If 10 10 100 10 10 Slop 

The flow rate was 0.3 ml/.nin. The injection volume was 20 /./ The 
pump pressure was 35 PSI. 

The mass spectroscopy mode was positive. The secondary ion mass 
o charge ratios (SIM) were m/e = 39.0. ,76.8. 204.8. 536.4. and 702^ 

Lymt, ;^;7sir " ' ^ '-"^ ' ■ 

25 

3.3.2 Results and Discussion 

FIGURE 49 is ,he results of the LC/MS analysis of sample #13 
wherein the mass spectrum comprised the sum of the ion signals from 5 
30 .o„s (m/e = 39.0. 176.8. 204.8. 536.4. and 702.4). Chroma, graphed 
such as the peak at 0.77 minutes and the peak at ,7.06 minutes were 

- 39.0. 176.8. 204.8. 536.4. and 702.4). FIGURE 51 is the summation of 21 
mass spectra of 5 ions (m/e = 39.0. 176.8. 204.8. 536.4 and 702 4) 
recorded over the shaded time interval of the LC/MS spectrum of sample 
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#13 shown in FIGURE 50. Peaks were observed at m/c = 39.0, 204.8, 
536.4. and 702.4. The LC peak shown in FIGURE 50 was observed 
immediately which indicaics thai ii corresponds \o one or more ionic 
compounds. The masses of FIGURE 51 are assigned lo /f* and K(KI)[, 
5 FIGURE 52 shows a shaded time interval of the chromaiogram of the 

LC/MS analysis of sample #13 centered on 17.06 minutes wherein ihc 
mass spectrum comprised the sum of ihe ion signals from 5 ions (m/c = 
39.0. 176.8. 204.8, 536.4. and 702.4). FIGURE 53 is ihe summation of 12 
mass spectra of 5 ions (m/c = 39.0, 176.8, 204.8, 536,4. and 702.4) 

10 recorded over the shaded lime interval of the LC/MS spectrum of sample 
«13 shown in FIGURE 52, Peaks were observed at m/e = 39.0, 176.8, and 
204.8. The LC peak shown in FIGURE 52 was a real chromatographic peak 
which indicates that it corresponds to one or more nonpolar compounds. 
The masses of FIGURE 53 are assigned lo K\ K{KjCOy)\ and K{Kl)\ These 

15 peaks are fragments of hydrino hydride compounds KM KHCO^ and KH KI . 
FIGURE 54 is the results of the LC/MS analysis of sample #13 
wherein the mass spectrum comprised the 176.8 ion signal. Real 
chromatographic peaks were observed which correspond to multiple 
nonpolar compounds having the ^K^CO^y mass spectrum fragment. The 

20 ra/e=l76.8 mass peak is a fragment of polymeric hydrino hydride 
compounds having Kli KHCO^ as a monomer. 

FIGURE 55 is the results of the LC/MS analysis of sample #13 
wherein the mass spectrum comprised the 204.8 ion signal. Real 
chromatographic peaks were observed which correspond to multiple 

25 nonpolar compounds having the K{Kiy mass spectrum fragment. The 
m/e=204.8 mass peak is a fragment of polymeric hydrino hydride 
compounds having KHKI as a monomer, 

FIGURES 56-58 are the results of the LC/MS analysis of sample #13 
wherein the mass spectrum comprised the ion signals from the 536.4» 

3 0 702.4, and 39.0 ions, respecuvely. No chromatographic peaks were 
observed. 

FIGURE 59 is the results of the LC/MS analysis of 99.9% AT^CO, 
control wherein the mass spectrum comprised the 176.8 ion signal. No 
chromatographic peaks were observed. FIGURE 60 is ihe results of the 
3 5 LC/MS analysis of the sample solvent alone control wherein the mass 
spectrum comprised the 176.8 ion signal. No chromatographic peaks 
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were observed. 

FIGURE 61 is Ihc results of .he LC7MS analysis of 99.99% Kt control 
wherein the mass spectrum comprised the 204.8 ion signal No 
chromatographic peaks were observed. FIGURE 62 is Ihc results of the 
5 LC/MS analysis of the sample solvent alone control wherein the mass 
spectrum comprised the 204.8 ion signal. No chromatographic peaks 
were observed. 

3.4 Identification of Hynrino Hj^dnd^Compotmri. hv Fi....^.-^ 
»0 ^^^ ?'za^^on-Time-Of-F^i ph..^^.c,■Qp.^,^n^rn^xJTI^T^j^ 

3.4.1 Elec.rospray-Ionizaiion-Time-Of-Flight-Mass-Spcctroscopy 

(ESITOFMS) 



I 5 



(ESnOFMS) is a method to determine the mass spectrum over a lar.e 
dynamic range of mass to charge ratios (e.g. „,„ = ,-600) with extremely 
high precision (e.g. ±0.005 Essentially the W + i peak of each 

compound is observed without fragmentation. The analyie is dissolved in 
2 0 a earner solution. The solution is pumped into and .onizcd in an 

electrospray chamber. The ions are accelerated by a pulsed voltage, and 
U>e mass of each .on is then determined with a high resolution time-of- 
flight analyzer. 

2 5 f. p.^xncl!o """r P«^«^in-Elmer Biosystems (Framingham. MA) 
25 for ESITOFMS analysis. The data was obtained on a Mariner ESI TOF 

system fitted with a standard electrospray interface. The samples were 
submitted via a loop injection system with a 5/.f loop at a flow rate of 
20;z//min. The solvent was water. Mass spectra are plotted as the 
number of ions detected (Y-axis) versus the mass-to-charge ratio of the 
30 ions (X-axis). A reference comprised 99.9% K^CO,. 

3.4.2 Results and Discussion 

In the case that an M, ! peak was assigned as a potassium hydrino 

3 5 hydr.de compound in TABLE 21, ,he intensity of the M.-! peak 

significantly exceeded the intensity predicted for the corresponding "AT 
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1 0 



I 5 



20 



peak, and .he mass was correct. For example, ,hc imensi.y of .he peak 
ass.8ned ,o ™, was at lens, twice ,hn. predicted for the intensity of 
the K peak corresponding to K^OH. In the case of 'V//;. the ^'K peak 
.was not present and peaks corresponding to a mctastable neutral were 
observed „./, = .2.i4 and „./e = «, 23 which may account for ,hc .nissino 
•ons .,.d,ca.,n8 that the -K species C'KH;) was a neutral mctastable a'' 
more l.kely alternative explanation is that and »K undergo exchange 
and for certain hydrino hydride compounds, the bond energy of the 4 ' 
hydr.no hydride compound exceeds that of the "K compound by 
substamially more than the thermal energy due to the larger nuclear 
magnetic moment of -K. The selectivity of hydrino atoms and hydride 
.ons lo form bonds with specific isotopes based on a differential in bond 
energy provides the explanation of the experimental observation of the 
presence of in the absence of ^A'/f; ,n the TOFSIMS spectra 

presented and discussed in the corresponding section. Taken together 
nSITOFMS and TOFSIMS confirm the isotope selective bonding of 
increased binding energy hydrogen compounds. 

The ESiTOFMS spectra of sample «2 and sample #3 were essentially 
the same w.th differences in the intensities of the peaks. The hydrino 
hydndc compounds («./.) assigned as parent peaks or the corresponding 
ragments of the positive Electrospray-Io„iza,ion-Time-Of-Flight- 

Mass-Spectroscopy (ESITOFMS) of sample «2 and sample « appear in 
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TABLE 21. The hydrino hydride compounds (,„/.) nssigned ns parent 

peaks or the corresponding fragments of the posiiive Electrospray- 

lonizaiion-Time-Of-Flight-Mass-Spcctroscopy (ESITOFMS) of sample Ul 
and sample tf3. 



Hydrino Hydride 
Compound 
or Fragment 


Nominal 

Mass 

nt/e 


mi e 


Calculated 
ml € 


DifJerence 
ml e 


KH, 


A 1 


40.9747 


40.97936 


0.005 


NaH, H„ 


42 


42.1377 




0.001 




42 


42.23 




0.005 




82 


82.5560 


0^ .o 1 1 00 


0.045 




ft 9 




82.53517 


0.021 


CH(H V 


82 


82.5560 


82.54775 


0.008 




95 


94.9470 


94.930155 


0.017 


KHKOII, 


97 


96.9458 


96.945805 


0.000 


KO^H 


104 


103.9479 


103.951175 


0.003 




110 


109.9353 


109.91724 


0.018 




1 1 2 


111.9343 


111.93289 


0.001 




120 


1 19.9343 


.119.946085 


0.012 


KH KHfCOH 


137 


136,9150 


136.91734 


0.002 


KHj KHKOH, 


1 38 


137.9202 


137.925165 


0.005 


KHj KHKOH J 


1 39 


130.9364 


138-93299 


0.003 


KH, KHKOH J 


1 40 


1 30 9307 


1 oy.9408 1 5 


0.010 


Jf\KH KHCO^] 


179 


178.8792 


178.8915 


0.012 


KjOHKHKOH 


191 


190.87 


190.868135 


0.002 




213 


212.8652 


212.86059 


0.005 


Ar,o//(jc,co,] 


233 


232.8532 


232.842305 


0.011 


KjOH[KH KHCOj] 


235 


234.869413 


234.857955 


0.0 n 


K[KHCO,l 1239 


238.896937 


238.87624 


0.021 
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KKH{KOH), 


247 


246.83 


246.83458 


0.005 


KHKOHKH{KOH)^ 


248 


247.8459 


247.842405 


0.003 


KHAKhiVKH.KOH 


26 1 


260.8605 


260.863245 


0.003 


K[K,COy\KHCO,] 


277 


276-8S81 


276.832125 


0.026 


K\KH KHC0,\KHCO,] 


279 


270.847679 


278.847775 


0.000 


KjOHKHKOH 

[kh^koh] 


291 


290.84 


290.837415 


0.003 


I * •» JJ 


J u J 


302 .902723 


302.89227 


0.010 


(^fI40/i]* n^2 

k\kh khco.kxoA 


O 1 / 


o 1 b .006702 


316.80366 


0.003 




Ota 


O O O (i O /\ O 

o<io .o303 


328,7933 


0.037 




331 




330.80895 


0.021 




339 


338.8518 


338,832505 


0.019 


khAkhcoA 


Q A •O 

o *♦ o 


342.87445 1 


342.863805 


0.011 


K,0,[K,CO,lKIlC0,] 


348 


347.7724 


347.78655 


0.014 


K\KjCO,\KIJCOA 


4 / / 


376.8010 


376.78839 


0.013 


A [ KH KHCOy 1 KHCOy \ 


J /y 


378.805793 


378.60404 


0.002 


k^ohkhkoh 
\kh^koh\ 


oy 1 


390.8251 


390.806695 


0.018 


KHKOH ] 
\(KHKHCO^\ 


4 15 


414 77 AR 


4 1 4.75729 


0.018 


K\KHCOX 


439 


43B 7Q*inft 1 Q 


^•515. /G&77 


0.006 




443 


442.8233 


442.82007 


0.003 


K\K^CO,\KliCOX 


4 7 7 


4 / O, /5 56 


476-744655 


0.011 


tAkU KHC0.\KHCOA 




*♦ /o./!>y5 1 3 


478.760305 


0,001 




481 


480.777374 


480.775955 


0.001 


KH,KHKHCO,[KHCO,i 


483 


482.787598 


482.791605 


0.004 


K^OHKHKOH 
{KU,KOH\ 


49t 


490.7976 


490,775975 


0.022 


K^OIi[KH KHCO,\ 


S15 


514.7171 


514.713565 


0.004 


K\KHCO\ 


S39 


538,7441 


538.745035 


0.001 
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Interference of ^^kh; from ^•^w^riii;;^^^ 
.at.o w.th the natural abundance ratio (obs. = J, nat. ab raUo = 
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The posilivc l^leclrospray-Ioniiation-Timc-Of-Flight.Mass- 
Specroscopy (ES.TOFMS) of the control 99.9% K,CO. h shown in FIGURE 
63. Th. posi.ivc ESrTOFMS spectrum of the precipitate prepared by 
concentrating the K,CO, electrolyte from the BLP Electrolytic Cell with a 
rotary evaporator and allowing (he precipitate to fortn on standing at 
room temperature (sample ff3) is shown in FIGURE 64. The positive 
ESITOFMS spectrum = 50 - 300) of a precipitate prepared by 

concentrattng (he K,CO, electrolyte from the Thermacore Electrolytic Cell 

^^n nrJr''''"'" " ^^^GURE 65. The 

tSnOFMS spectrum of sample «2 and sample #3 was compared with that 
of the control 99.9% K,CO,. For the samples, (he positive ioTspecTuin 
was dominated by r. and Na^ was also present. The dominant 
compound tdencf.ed was K,CO, which gave nse to a series of positive ions 
of K[K,CO,l ™/- = (39M38,0 at m/e= 39. 177, and 315 and K.HCO; at 
m/e- 139. Olhcr peaks containing potassium included KC Ko\oH' 
KCO^and K'. Only in the cases of sample «2 and sample three' series 
of pos.nve ,ons of increased binding energy hydrogen compounds were 
observed of I.) K.OUKHKOHIkH.KOHI = (,9H. ,00„) at m/e= 191 291 
391. 491. 591. 691. and 791; 2.) K[khco,1 "./-(39mOO«) a, m/e= 39 
139, 239. 339. 4329. 539. 639. and 739 with KH^[KHC0,]: - 'e = (43^,O0^)■ 
3.) K[K,CO,lKHCO,l m/e^im+mn) at m/e^ 277, 377. 477 577 and 677 
with KlKHKHCClKHCOX m , e ^(179. lOOn). These ions are fragments of 
tnorgantc polymers containing increased binding energy hydrogen spcc.es 
or the followmg formula: 

iKliKOHl[Kn,KOHl[KfIKfJCO,l[KHCO,l[K,CO,l 
Where the monomers may be arranged i„ any order and M,r.s,ond, arc 

r'^;?Jn»l observed with TOFSIMS except for 

[KH.KOHl "'ay fragment with gallium ion bombardment. 

The ESITOFMS spectra of experimental samples had a greater 
mtens.ty potassium peak per weight than the starting material control 
samples. The increased weight percentage potassium is assigned (o 
potassium hydrmo hydride compound KH^n^l.oS (.W,/,, % if > 88%) as a 
major component of the sample. The "K peak of each ESITOFMS 
spectrum of an experimental sample was much greater than predicted 
from natural isotopic abundance. The inorganic m/^ = 41 peak was 
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assigned ,0 KH;. The ESITOFMS spcc.run, was obtained for . potassium 
cnrbonaie control run at 10 times the weigh, of material as the 
experinf>enlal samples. The spectra showed the normal "a7 'V ratio 
Thus, saturation of the dcicctor did not occur. As further confirmation of 
the anomalous ratio, the spectra u-crc repealed with mass chromatograms 
on a series of dilutions {lOX. lOOX. and lOOOX) of each experimental and 
control sample. The ''KJ »K ratio was constant as a function of dilution. 

Hydrino hydride compounds were identified by both techniques 
ESITOFMS and TOFSIMS which confirmed each other. Taken together * 
«hey provide redoubtable support of hydrino hydride compounds such as 
inorganic hydrogen polymers as assigned herein. 

ESITOFMS also confirmed polyhydrogcn compounds A peak 
assigned to 16 hydrogen species W^W, H,; = 42.138475) of intensity and 
mass resolution equivalent to that of the «,0' peak was observed in the 
positive ESITOFMS spectrum of sample # 2 and sample «3. The 
experimental mass is 42.1377 which is in agreement v^ith the calculated 



mass. 



A peak of experimental mass 82.5560 is shown in FIGURE 65 The 
mass resolution was equivalent to that of K H,0 {m / e = 56.91A27) which was 
observed at («/e = 56.994366). Twice the nominal mass corresponds to an 
organic peak.. Since only an inorganic peak of less intensity is in the 
region the peak can not be assigned as a doubly ionized peak. Mctastablc 
peaks are not observed with ESITOFMS. The only possibility is a 
polyhydrogcn compound. The peak may be one of: H,0{H,^y 
(m/.-82.Sn36), NH,{H^)l (m / e = 82.53517) or a/(//„); (1/e =82.54775). The 
peak is assigned to CH(«„); (m 7^=82.54775) as shown in TABLE 21 which 
has a calculated mass that best matches, the experimental mass. 

A peak with a high mass excess was also observed at an 
experimental mass of 42.23. The peak is assigned to C/Z^ (m/f = 42.23475) 
which may be a fragment of C//(/f^);. The bonding of CH{H^)1 may be a 
cage compound of 70 hydrogen atoms with a trapped carbon atom. A 
similar structure to the proposed structure is observed in the case of C„. 
Nitrogen or oxygen may also be trapped as indicated by the polyhydrolen 
fragments {;« /e = 23.179975). OH;, {m/« = 39.174885). W,; («/e= 16.1252), 

H;, (m/e = 24.1878). H', (rH/e = 25.195625). CW„ ('«/e = 35.179975), NH;, 
(»»/e = 37.183045)) observed in the TOFSIMS data given in the 
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corresponding scc(ioi». Addiiional polyhydrogen cage compoumis nnd 

fragmenis (//^ (hi/c = 70.54775). CW; (w/? = 82.54775). U.otr^ 

(mle = 89.5661 35). SiH,{H„)[ {m I e = 96.50903). llONli;^ (m/e^ 101.553555). 

//,0A///;„ («./e = 102.56138). W^//; (m/t = 105.561045). S,\H;^ (m/^ = 126.50161). 
5 NaKH //^ 133.509085). N«,A7/'w4 = 156.498885). NaMKH W,; 

(w/< = 157.50671). NaKUO^Wy, {/n/c= 165.498905), HNO.O.IV^ = 165.533195). 

KKH{H,X (m/e= 191.811645). {NiH,\HO{U„\H'^ (m/e = 258.676725)) were 
observed by SPMSMS as given in the" corresponding seciion. 
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2^5 Identific ation of Hvdfino Hvdridc Com poun ds bv Solids-Prnhp^ 

Ma gnctic-Sector-Ma^is-Spectroscopv ($PM $h4S) 

So]ids^Probe-Magnctic-Sector>Mass-Speciroscopy (SPMSMS) a 
5 method to determine the mass spectrum of volatile compounds over a 
large dynamic range of mass to charge ratios (e.g. /w/r=i-500) wi;h 
extremely high precision (e.g. ±0,005 amu). The analyte is placed in an 
inert saniplc holder in a vacuum chamber which is on-line to a high 
resolution magnenc sector mass spectromcicr. The sample is healed to 

1 0 500 ""C. The volatilized compounds arc ionized with an electron beam 

{electron ionization, EI). The high resolution masses are determined by a 
magnetic sector mass spectrometer wherein the ions are separated and 
strike different locations on the detector based on the Lorentzian 
deflection in a magnetic field as a function of the mass to charge ratio 

15 

3.5.1 Solids-Probe-Magnctic^Sector-Mass-'Spcciroscopy (SPMSMS) 

Samples were sent to South West Research Institute for SPMSMS 
analysis. The instrument was a Micromass AutoSpec Ultima irifocusing 

2 0 EBE geometry high resolution sector-field mass spectrometer. The 

magnet type was high field. The accelerating voltage was 8 KV. The 
ionization mode was positive electron impact. The ion source was MK-I! 
EI+. The source temperature was 265 X. The mass scan range was from 
350 to 35 dallons exponential magnet down scan. The scan rate was 3,0 

25 sec/decade. The mass resolution at PFK m/^ = 33l was m/Am = 5500 at 
5% definition. The solids probe was a 500 ^^C water cooled lype. The 
initial temperature was 50 ^'C. The heating rate was 30 **C/min. The 
sampile was held at maximum temperature for 10 minutes. 

The solids probe was prc-fircd overnight in a kiln at 400 X. The 

30 sample cup was loaded onto the probe tip, and the probe containing the 
empty sample cup was then inserted into vacuum lock of the instrument 
for initial pump down. After attaining 0.05 mbar in the lock, the vacuum 
lock was opened to high vacuum. mbar. The probe was then 

fully inserted into the ion source and programmed up to temperature and 

3 5 held for approximately 10 min to remove any contaminants that may 

have collected since the last firing of the probe lip. After approximately 
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10 mln. ihe probe was cxlractcd from the hot ion source and allowed to 
cool in high vacuum. After cooling, the probe was retracted, and the solid 
sample was carefully loaded into the sample cup. The probe was 
reinserted into the vacuum lock. Data acquisition was then started prior 
5 to introducing the probe into the ion source. After insertion into ihc ion 
source, the probe temperature program was started. The spectrum from 
each sample was taken by averaging several scans across the apex of the 
dcsorpiion profile and background subtracting. List files containing the 
mass measured mass peaks were generated by the software and down 
10 loaded from the YaxSiaiioris to the PC and transferred electronically to 
BLP. 



3.5.2 Results and Discussion 



> 5 For any compound or fragment peak given in TABLES 22-25 

containing an element with more than one isotope, only the lighter 
isotope is given except that '*ri is reported. In each case, it is implicit 
that the peak corresponding to the other i$otopes(s) was also observed 
with an intensity corresponding to about the correct natural abundance 

2 0 {e.g. ''Mg, "M^, and '^S and ^Y/, and ^V; «M\ 

and "Cu and «Ci/; ^Cr, ^Cr, "Cr, and "Cr; and ^2n, **2a. ^^2n. and ^Z.i). 

The hydrino hydride compounds (m/e) assigned as parent peaks or 
the corresponding fragments {mte) of the positive Solids-Probe- 
Magnetic-Scctor-Mass-Spcciroscopy (SPMSMS) of sample #2 appear in 

2 5 TABLE 22. 
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TABLE 22. The hytlrtno hydride compounds (,,,/e) assigned as parent 
peaks or (he corresponding fragments {,„fe) of the positive Solids-Probe- 
Magnclic $cctor-Mass-$peciro$copy (SPMSMS) of sample #2. 



Hydrino Hyrdride 


Nominal 


Observed 


Calculated 


Difference 


Compound 


Mass 


rnJe 


m/e 


Between 


or F ragmen! 


m 1 e 






Observed 










and Calculated 










m/e 


KH^ ^ 


4 1 


40.9949 


40.97936 


0.017 




42 


42.0029 


41.987185 


0.016 




48 


47.9985 


^17. 99525 


0,003 


Mg.H 


49 


48.9769 


48.977905 


o.oot 




50 


49.9778 


49.98573 


0.008 




5 1 


51.00 


50.993555 


v. wu 


NaSiflj 


54 


53.9998 


53.990205 




NaSiH, 


55 


55.0076 


54.99803 


O.Ot 0 


NaSiH, 


56 


56.0098 


56.005855 


0,004 




64 


64.0192 


64.01646 


0,003 




76 


75.9319 


75.94580 


0.014 


NiH.O 


78 


77.9707 


77.96151 


0.009 


NiHfi 


79 


78.9746 


78.969335 


0,005 


NaNili^ 


83 


82.9318 


82.94075 


0.009 


NaNiH, 


84 


83.9393 


83.948575 


0.009 


NaNili, 


85 


84.9483 


84.9564 


0.008 


NiCO 


86 


85,9359 


85.93021 


0.006 




96 


96.4915 


96.50903 


0.018 


KNiil, 


101 


100.9261 


100.93031 


0.004 


Cu, 


126 


125,8405 


125.8596 


0.019 




127 


V27.0353 


127,025095 


0.010 




128 


128.0391 


128.03292 


0.006 




129 


129.0366 


129.040745 


0.004 


Sun,, 


130 


130.0469 


130.04857 


0.004 




131 


130.9628 


130.9671 


0.006 




131 


131.0624 


131.056395 


0.006 
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A7/, KNO^ 


14 3 


1 42.9481 


142.938695 


0.009 


KlKH) CO 


14 7 


146.916 


146,90169 


0.014 


Na^KH li,^ 


\ 56 


\ 56.4830 


156.498885 


0.016 




1 60 




1 .ooO f O 


0,004 


Cu.Cl 


1 61 


160 8027 


160 fiPA4*\ 


n AO e 




1 6S 


1 65.5 107 




U . U 1 ^ 




1 73 


1 72.9266 




A A 1 A 




1 75 


1 74.9321 




A A OA 




177 


176.9584 


176.967975 






191 


191.7982 


191.81 1645 


0.013 


K(KH,\0, 


201 


200.8899 


200.89698 


0.007 


NaSt\H,,0 


219 


218.9411 


218.94019 


0.001 




223 


222.9268 


222.95300 


0,026 




258 


258.6803 


258.676725 


0.004 




290 


289.8978 


289.910475 


0.013 


NuZn 


296 


295.6423 


295.6703 


0.028 



Interference of ^^ATH; from was eliminated by comparing the ^'Kl ^^K 

1700 

ratio with the natural abundance ratio fobs. = — — = 95% nal ab 



ratio ^ :^ = 7.4%). 

The hydrino hydride compounds (w/e) assigned as parent peaks or 
the corresponding fragments {mfe) of ihc positive Solids-Probe- 
Magnetic-Scclor-Mass-Spectroscopy (SPMSMS) of sample #8 appear in 
TABLE 23. 



wo 00/07931 



PCT/US99/I7129 



»56 



FABLE 23. Tin. hydrino hydride compounds (,„/,) assigned as parcnl 
peaks or the corresponding fragments (m/e) of the positive Solids-Probe- 
Magncuc-Secior-Mass-Spectroscopv (SPMSMS^ of sample »& 



Hydrino Hydride 
CofTipoond 
or Fragment 


Norntna( 

Mass 

ntfe 


tn t e 


Calculated 

til / c 


Difference 
Betv/een 

Observed 

and Calculated 
►77 / 0 

'*l f c 


KiJ, ^ 


41 


40.9777 


40 Q7 Q'^K 


0.002 




4 4 




44.002835 


0.003 




48 


47.9842 


47,97008 


0.014 




48 


47.9871 


47.99525 


O.OOB 




49 


48.9957 


48.977905 


0.018 


Me H 


50 


49.982 


49.98573 


0.004 


* tfi^ 


60 


59,977 


59.9662 


0.01 1 




64 


64.0169 


64.01646 


0.000 


1-/1 J 


70 


69.9502 


69.95106 


0.001 




70 


70.5471 


70.54775 


0,001 


Nili^O 


76 


75.9587 


75.94586 


0 013 


NaNili 


82 


81.9382 


81.932925 


0.005 




8 2 


82-5464 


82.54775 


0.001 


NaNili, 


0 3 


82.954 


82.94075 


0.013 


NaNiH^ 


84 


83.9653 


83.948575 


0.017 




86 


84.964 


84.9564 


0.008 




89 




oy.5bo1 35 


0.015 




94 


93.96 


93.95642 


0,004 


sum*). 


96 


96.6201 


96.50903 


0.011 




101 


101.558 


101.553555 


0.004 




102 


102.5632 


102.56138 


0,002 




103 


102.9762 


102.96716 


0.009 




105 


105.5497 


105.561045 


o.on 




126 


126.5144 


126.50161 


0.013 


NaKHH^ 


133 


133.5253 


133.509085 


0,016 


KH{KH^\HNO 


153 


152.9332 


162.83606 


0.003 
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t56 


156.5185 


156.498885 


0.020 




157 


157.5251 


157.5067 1 


0.010 


HNO, 0, H,, 


165 


165.5453 


165.533195 


0.012 


{KHKNO^\ 


282 


281.8365 


281.84609 


0.010 




484 


483.7738 


483.7491 1 


0.025 



^ Interference of ^^KH^ from was eliminated by comparing the **K/ ^^K 
ratio with the natural abundance ratio (obs. = i^ = 30%. nat. ab. ratio = 



^.7.4%). 
93.1 ^ 

^ most intense peak 

The hydrino hydride compounds (m/e) assigned as parent peaks 
Ihc corresponding fragments (m/e) of the positive Solids>Probe- 
Magnetic-Secior-Mass-Spectroscopy (SPMSMS) of sample #3 appear in 
TABLE 24. 



TABLE 24. The hydrino hydride compounds {m/e) assigned as parent 
peaks or the corresponding fragments (m/e) of the positive Solids-Probe 
Magnetic-Sector^Mass-Spectroscopy (SPMSMS) of sample #3, 



Hydrino Hydride 
Compound 
or Fragment 



7i 



Nominal 
Mass 
m/e 



48 



Obsewed 
m/e 



47.9603 



Calculated 
m/e 



47.95 



OtUerence 
Between 
Observed 
and Calculaied 



o.oto 



AB 



47.996 



47.99525 



0.001 



W{ 



49 



48.978 



48.957825 



0.020 



TilL 



Fefl, 



50 



49.9692 



49,96565 



0.004 



60 



59.9593 



S9.9662 



0.007 



63 



63.0147 



63,008635 



0.006 



64 



64.02 



64.01646 



0.004 



CuH, 



66 



65.9506 



65.953275 



0.003 



72 



71.9758 



71.979765 



0.004 
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83 


82.9349 


02.94075 


0.006 




84 


83.94 1 9 


83.948S75 


0.007 




O X> 


Ob. 9392 


85,93021 


0.009 


*\ '6/4 




fl £J /I ft O O 

yo.^ y if d 


96.50903 


0.017 


KH HNO^ 


1 03 


102.9514 


102.96716 


0.016 




IOC 

1 4CO 


1 26.0281 


126.01727 


0.011 


^l' //.. 
< IS 


127 


127.039 


127.025095 


0.014 




128 


128.0458 


1 28 0'\7<>9 


U.U I J 




129 


129.0435 


129.040745 


0.003 




130 


130.0553 


130.04857 


0.007 


Si,H„ 


131 


131.0667 


131.056395 


0.010 


NaKH 


133 


133.4993 


133.509085 


0.010 


Na,KHH^ 


156 


156.4882 


156.498885 


0.011 


NaSi,H„ . 


235 


234.9469 


234.95351 


0.007 



The hydrino hydride compounds (m/e) assigned as parent peaks c 
ihe corresponding fragments (mU) of the positive Solids-Probe- 
Magnctic-Scctor-Mass^-Speclroscopy (SPMSMS) of sample #26 appear in 
5 TABLE 25. 
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TABLE 25. The hydrino hydride compounds (m/e) assigned as parent 
peaks or ihe corresponding fragments {m/e) of the positive Solids-Probe- 
Magnctic-Sector-Mass-Spcciroscopy (SPMSMS) of sample ^26. 





riUiitiilal 


Observed 


Calculated 


Dillerence • 


Compound 


Mass 




iti i c 


Between 


or Fragment 


ml e 






Obsen/ed 
and Caiculaied 




4 1 










A, ft 




47.97008 


0.003 




A 0 




47.99525 


0.014 




4 9 


if 0 A A A 

48.9898 


48.977905 


0.012 


&1 y 


5 1 


50.9854 


50.993555 


0.008 


FeH^ 


60 


59.9727 


59,9662 


0.007 


NiH^O 


1 D 


75.9488 


75.94586 


0.003 


All n\^t 


/ 0 


75.9526 


75.94821 


0.004 






79.9456 


79.94307 


0.003 






81 .9333 


81.932925 


0.000 




0 0 


82. 5407 


82.54775 


0.007 








82.94075 


0.010 


NoNiH, 


0 4 


00-9583 


83.948575 


0-OtO 


NaNiH, 


0 0 


o4.yb91 


84.9564 


0.013 






Oft CHI 


96.50903 


0.002 


IQ 


1 -ff 


101 .5452 


101.553555 


0.008 




1 < / 


1 27.061 1 


127.025095 


0.036 




128 


1 28 0673 




v.O J4 


NaKHH^ 


133 


133.5211 


133.509085 


0.012 


KH^ KNO, 


142 


141.934 


141,93087 


0.003 


lOH 


144 


143.9103 


143.907135 


0.003 


HyOHl 


147 


146.944 


146.93061 


0.013 


KHKNjO^ 


155 


154.9418 


154.926115 


0.016 




156 


156.5099 


156.498885 


0.01 1 


NaSiJf^O 


159 


158.9709 


158.95503 


0.016 




187 


186.9561 


186.93196 


0.024 
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259 


250.9493 


258.959025 


0.010 




289 


288.9297 


288.933195 


0.003 




290 


289.9404 


289.94102 


0.001 



Interlerence of ^^KH; from *'K was eliminated by comparing the **K/ "A' 
ratio with the natural abundance ratio (obs. =: i^5^ = 29.4%, nat. ab ratio - 



^.7.4%). 
911 ' 



5 Ions arising from polyhydrogen cage compounds and polyhydrogen 

compounds comprising 16 hydrogen atom species observed by SPMSMS 
given in TABLES 22-25 were (h;^ (m/e = 70.54775), CH;^ (w/« = 82.54775), 
H,0H;, -89.566135), SiH,{H,X = 96.50903), HONH;, 

(m/e = 101.553555), H.ONH;, (m/ c = 102.56138), lip.H;, (m Z^- = 105. 56 1 045), 5r,//,; 

10 {;ii/e=l26.50J6l), NaKH h;^ (m / e = 133.509085), Na.KH U;^ (m/ e = 156.498885), 
Na.HKHH;^ (mA^ = 157.50671), NaKHO^H'^ («i/^:= 165.498905), HNO^O^n;^ 
165.533195), KKH[H,,)\ {m /e 1^1.8 11645), and {NiH,yia{lf,^\H;^ 
(m/e = 258.676725)). These high mass excess peaks could not be assigned lo 
a doubly ionized peak. Melastable peaks are not observed with SPMSMS. 

1 5 In each case, the only possibility was a polyhydrogen compound. The 

assignments given arc the best match to the data and the most consistent 
with the XPS, TOFSIMS. and ESITOFMS results. 



3.^^ Identification of Hvdrino Hvdride Comp o unds hv nirect-Exposure- 

2 0 Probe^Ma ^netic-Secior-MasS'Spectroscopv (DEPMSM.S) 

Direct-Exposure-Probe-Magnetic-Scctor-Mass-Spectroscopy 
(DEPMSMS) is a method to determine the elemental composition as well 
as a method 10 determine the mass spectrum of heat stable compounds 

2 5 over a large dynamic range of mass to charge ratios {e,g. m/e- 1-500) 

with extremely high precision (e.g. ±0.005 flmw). The analyte is coated on a 
platinum wire which is placed in a vacuum chamber which is on-line to a 
high resolution magnetic sector mass spectrometer. The sample is heated 
10 over 1000 *^C. The volatilized elements and compounds are ionized 

30 with an electron beam (electron ionization. El). The high resolution 

masses are determined by a magnetic sector mass spectrometer wherein 
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llic ions are separated and strike different locations on the detector 
based on the Loremzian denection in a magnetic field as a function of the 
mass to charge ratio. 

5 3.6. 1 l^ircct -Exposure-Probe-Magneiic-Secior-Mass-Spcciroscopy 

(DHPMSMS) 

Samples were sent to South West Research Institute for DBPMSMS 
analysis. The instrument was a Micronnass AutoSpcc Ultima irifocusing 

1 0 EBE geometry high resolution sector-field mass spectrometer. The 

magnet type was high field. The accelerating voltage was 8 KV. The 
ionization mode was positive electron impact. The ion source was MK-II 
EU. The source temperature was 26.5 *C. The mass scan range was from 
350 to 35 daltons exponential magnet down scan. The scan rate was 3.0 
15 sec/decade. The mass resolution at PFK m/z = 33l was m/Am = 5500 at 
5% definition. The direct exposure probe type was modified with a 
platinum retaining screen. The filament was platinum. The temperature 
was over 1000 "C. 

A small platinum aperture screen was placed in front of the 
dcsorption coil, and some of the sample crystals were placed in front of 
the coil on this screen. The direct exposure probe (DEP) was then coated 
with the smaller of the crystals. Once the DEP was inserted into the ion 
source the acquisition was started, and the coil was brought to a high 
temperature. The estimated temperature of the coil and the platinum 

2 5 screen was over 1000 »C. List files containing the mass measured mass 

peaks were generated by the software and down loaded from the 
VaxStations to the PC and transferred electronically to BLP. 



20 



30 



3.6.2 Results and Discussion 



For any compound or fragment peak given in TABLES 26-29 
- containing an element with more than one isotope, only the lighter 
isotope is given except that 'Yi is reported. In each case, it is implicit 
that the peak corresponding to the other isoiopes(s) was also observed 
35 with an intensity corresponding to about the correct natural abundance 
(c.g. and "M^; «r», "n. "Ti, »Ti, and «t/; «Cr. «Cr, "Cr. and «Cr; 
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7' ^"^ ^"'^ '^^^ "Z,,. a„.i "7.; and 

""a^ and "^Ag). 

The hydrino hydride compounds (m/e) assigned as parcni peaks or 
Ihe corresponding fragincms (ml^) of the positive Direci-Exposure- 
Probe-Magnetic-Sccior-Mass-Spcctroscopy (DEPMSMS) of sample #3 
appear in TABLE 26. 



TABLE 26. The hydrino hydride compounds (mfe) assigned as parent 
peaks or ilie corresponding fragmenis (m/e) of the positive Direci- 
10 Exposurc-Probe-Magnctic-Sector-Mass-Spectroscopy (DEPMSMS) of 



Hydrino Hydride 

Compound 

or Fragment 


■ wwi (III i04 

Mass 
mi e 


fU it 


Calculated 


DifJerence 
Betweer) 

Observed 
and Ca!cuta1ed 
ni f € 


"o ^ 


16 


15.9893 


1 5.99491 


0,006 


"o ^ 


1 7 


16,9857 


16.9991 


0.013 


"o ^ 


1 8 


17.9824 


17.9992 


0.017 


Mg 


24 


23.9800 


23.98504 


0.005 


Mgl! 


25 


24.9992 


24.992865 


0.006 




26 


26.0065 


26.00069 


0.006 




27 


27.0145 


27.008515 


0.006 


AlH 


28 


27.9972 


27.989355 


0.008 


AlH, 


29 


28.9935 


28.99718 


0,003 


AlHj 


30 


30.0014 


30.005005 


0.004 


KHj 


4 1 


40.9564 


40.97936 


0.023 


KH, 


42 


41.9984 


41.987185 


0.011 


KH^ 


43 


42.9926 


42.99501 


0.002 


SiO 


44 


43.9576 


43.97184 


0.014 


SiOH 


45 


44.9599 


44.979665 


0.020 




50 


49.9600 


49.96565 


0.006 


TiO 


64 


63-9463 


63.94491 


0.001 


KHjCO 


69 


68.9601 


68.97427 


0.006 
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NiC 


70 


69.9219 


69.9353 


0.013 


NiO 


74 


73.9166 


73.93021 


0.014 


NoNiH 


82 


81.9208 


81.932925 


0.012 




83 


82.9?84 


82.94075 


0.012 


FeO.H 


89 


88.9334 


88.932545 


0.001 




156 


155-9238 


155.92271 


0-001 



^ Waler peak (observed in/c= 18,0037; calculated m/e=18.01056) was 
the most intense peak which was assigned a relative intensity o\ 100.00 
The hydroxide peak (observed m/e= 16.9962; calculated m/e= 17.002735) 
relative intensity was 78.19. The oxygen isotope peak relative 



5 intensities v;ere = 17.70, ''O = 21.57, and '^O = 44.32. The natural 
abundances ol the oxygen isotopes are '^O ^ 99.79. = 0.037, and '^o = 
0.204. 

The hydrino iiydridc compounds {m/e) assigned as parent peaks or 
10 the corresponding fragments (mU) of the positive Dircct-Exposure- 
Probe-Magncnc-Sector-Mass-Spcciroscopy (DEPMSMS) of sample ni 
appear in TABLE 27. 

TABLE 27. The hydrino hydride compounds (m/e) assigned as parent 
15 peaks or the corresponding fragments {m/c) of the positive Direct- 
Exposiirc^Probe-Magnetic-Sccior-Mass-Spcctroscopy (DEPMSMS) of 



Hydrino Hydride 

CompoLiixj 
or Fragment 


Nominal 
Mass 
mi c 


Observed 
mf e 


Calculatecl 
m! c 


Difference 
Between 
Observed 
and Calculated 
mf € 


'*(? ^ 


16 


IS. 9944 


15.99491 


0.001 


"O ^ 


17 


16.9892 


16.9991 


0.010 


"0 * 


18 


17.9861 


17.9992 


0.013 


Mg 


24 


23.9818 


23,98504 


0.003 


MgH 


25 


24.9950 


24.992865 


0.002 


MgH, 


26 


26.0081 


26.00069 


0.007 
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AlH 



AlH, 



SiO 



TiH 



NaNiH, 



27 
28 



29 



30 



4 1 



42 



43 



44 



44 



49 



51 



83 



66 



27.0074 
27.9940 



29.0028 



29.9975 



40.9607 



41.9957 



42.9846 



43.9640 



44.0008 



48.9720 



50.9797 



82-9Sn 



85.9479 



27.008515 
27.989355 



26.99718 



30.005005 



40.97936 



41.987165 



42.99501 



43.97184 



44.002835 



48-957825 



50.973475 



82,94075 



88.964425 



0,00j^ 
0.005 



0.006 



0.008 



0.019 



0.009 



0.010 



0.036 



0.001 



0.014 



0.006 



O.OTO 



0.017 



The nitrogen peak (observed m/e= 28,0050; calculated m/e=28 00614) 
was observed to have a relative intensity of 95.37. The oxygen isotope 
peak relative intensities were '^O = 9.11, - 32.26. and »«o - 100.00. 
The natural abundances of the oxygen isotopes are'*0 = 99 79 "o ^ 
0.037. and = 0.204. ' 



The hydrino hydride compounds (m/e) assigned as parent peaks or 
the corresponding fragments (m/e) of the positive Dircct-Exposure- 
Probc-MagneUc-Sector-Mass-Spcciroscopy (DEPMSMS) of sample m 
appear in TABLE 28. 
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TABLE 28. The hydrino hydride compounds (mfe) assigned as parent 

peaks or Che corresponding fragments {m/e) of ihc posiiive Direci- 

Exposiire-Probc-Magnecic-Secjof-Mass-Spcctroscopy (DEPMi)MS) of 
sample ti8. 



Hydrino Mydiide 


Nominal 


Observed 


Calculaied 


Oilterence 


Compound 


Mass 


m/e 




Between 


or Fragment 


m/e 






Observed 










and Calculated 










ml e 




1 6 


1 5.9914 


15.99491 


0-004 


o 


1 7 


16.9842 


16.9991 


0.015 


a 


1 8 


17.9957 


17 9992 


0.003 




27 


27.0145 


27.008515 


O.OOG 


AIM 


28 


27.9910 


27.989355 


0-002 


AlH, 


29 


28.9994 


28.99718 


0.002 


{NaH\ 


as' 


47.9928 


47.99525 


0.002 




52 


52.0016 


52.00138 


0.000 


CrJI, 


54 


53.9646 


53.95615 


0.008 


KOH^ 


58 


58.0013 


57.98202 


0.019 


NiHfi 


76 


75.9408 


75,94506 


0.005 


KHKNO^ 


141 


140.9132 


140.923045 


0.010 


KH^ KNOy 


1 42 


141.9234 


141.93007 


0.007 


lOH 


144 


143.9026 


143.907135 


0.005 




153 


152.9039 


152.91225 


0.008 


KH,(KOH), 


156 


155.9368 


155.935725 


0.001 



The. '*pH peak (observed m/e= 16.9992; calculated m/e=1 7.002735) 
was observed with a relative intensity of 11.80. The hydroxide peak 
(observed rr>/e=: 16.9962; calculated m/e=17.002735) relative intensity 
was 78.19. The oxygen isotope peak relative intensities were = 
40.97. "O = 0.02, and "D = 0.23. The natural abundances ol the oxygen 
isotopes are '*0 = 99.79. "O = 0.037. and "O = 0.204. 



The hydrino hydride compounds (m/e) assigned as parent peaks or 
the corresponding fragmenJs (mU) of the positive Direct- Exposure- 
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ProbcMagnetic-Sector-Mass-Spcciroscopy (DEPMSMS) of sample #26 
appear in TABLE 29. 

TABLE 29. The hydrino hydride compounds {m/e) assigned as parcni 
5 peaks or ihc corresponding fragments (m/e) of the positive Direci- 

Exposure-Probc-Magnetic-Secior'Mass-Spectroscopy (DEPMSMS) of 

sample #26. 



Hydrino Hydride 


Nominal 


Observed 


Calculated 


Difference 




Mass 




m/ £ 


Betv/een 




Til t € 






Observed 
and Calculated 
m/e 




0 Q 


o rt f\f\ A f\ 


28.99718 


0.008 




4 9 


*♦ o .yob 1 


48.977905 


0.008 




84 


83.9541 


83.948575 


0.006 


NaNiH, 


86 


85.9534 


85.964225 


0.011 




107 


106.9043 


106.90509 


0.001 


Cu'Zn 


127 


126.8365 


126.8589 


0.022 




140 


139,9116 


139.91522 


0.004 


KIJKNOy 


141 


140.9197 


140.923045 


0.003 


KHj KNO^ 


1 42 


141.9280 


141.93087 


0.003 




152 


151.9125 


151.904425 


0.008 


KH^{KOli\ 


153 


152.9083 


152.91225 


0.004 




154 


153.9301 


153.920075 


0.010 




1S6 


155.9450 


155.935725 


0.009 


Oil 


190 


189.8365 


189.8342 


0.002 


Cu^J 


253 


252.7704 


252.764 


0.006 



Hydrino hydride compounds may demonstrate isotope selective 
10 bonding. Substantially enrichment of "O and was observed by 
DEPMSMS of sample «3 and sample Ul, For sample #3, the relative 
intensities of the oxygen isotope peaks given in TABLE 26 were ''O = 17.70, 

O = 21.57, and = 44.32. The corresponding abundances of the oxygen 
isotopes of sample «3 were = 21,17. "O = 25.80, and '"O 53.02. The 
I 5 natural abundances of the oxygen isotopes are '^O = 99.79, - 0,037, and 
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10 



1 5 



0 ^ 0.204. Sample ff3 was prepared from the BLP clecirolycc. Sample #2 
was prepared from (he Thermacore elccirolyie. The enrichmeiu of and 

O was predicted «o be higher since the Thermacore Elecirolytic Cell 
produced more energy that ihe BLP Electrolytic Cell (I.6;fl0' J versus 
6.3X10' 7). For sample ff2. the relative intensities of the oxygen isotope 
peaks given in TABLE 27 were "O = 9.n. "o = 32.26. and "O = loooo 
The corresponding abundances of the oxygen isotopes of sample #2 were 

O = 6.44. O = 22.82, and "O = 70.74. The oxygen iso.opic selective 
bonding of hydrino hydride compounds may be due to a mass effect since 
the mass of oxygen is relatively small. The heavier isotopes are predicted 
to form stronger bonds. A representative hydrino hydride compound 
contatntng oxygen is KHKOH. Nitric acid may cause hydroxide and 
carbonate of hydrino hydride compotmds such as KHKOH and KH KHCO, 
respectively, to be displaced by nitrate. Thus, a control for the oxygen " 
isotope intensities is the Thermacore electrolyte treated with nitric acid 
(sample «8). For sample #8, the relative intensities of the oxygen isotope 
peaks given in TABLE 28 were "O = ^0.97. "O = 0.02. and '*0 = 0.23 The 
corresponding abundances of the oxygen isotopes were "0 = 99.4, "o = 
0.048. and "O = 0.56. The oxygen isotopic ratios observed by DEPMSMS of 
20 sample #8 were similar to the natural abundances. 

3X. Identification of Ino rg anic Hvdro p en and HvHmpen Polvmr.r^ hy 
Solids-Probe-Qiiartr'^pr.»^.l^ ^SS-Spectrn5:coDV fSPf>f t4.<:) 

Elemental analysis of the electrolyte of the 28 liter K^CO, BLP 
Electrolytic Cell demonstrated that the potassium content of the 
electrolyte had decrease from the initial 56% composition by v^eight to 
33% composition by weight. The measured pH was 9.85; whereas. Ihe pH 
at the initial time of operation was 11.5. The pH of the Thermacore 
Electrolytic Cell was originally 11.5 corresponding to the K^COy 
concentration of 0.57 M which was confirmed by elemental analysis. 
Following the 15 month continuous energy production run. the pH was 
measured .0 be 9.04. and it was observed by drying the electrolyte and 
weighing it that over 90% of the electrolyte had been lost from the cell. 
The loss of potassium in both cases was assigned to the formation of 
volatile potassium hydrino hydride compounds whereby hydrino was 
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I 0 



produced by catalysis of hydrogen aioms ehat ihen reacted with water to 
form hydrino hydride compound and oxygen. The reaction is. 

2//J^J+«,0-,2/r(J/p) + 2«'+lo, ^^^^ 
■iH-(\f p) + 2K,CO,^.2 jr_-^^2KHC O,+2KH{\l p) {5%) 

2«[y]+//,<? + 2Ar,CO, -i2/r//CO,+2Ar//(l/;,)+io, (^9) 

This reaction is consistent with the elementai analysis (Galbraith 
Laboratories) of the electrolyte of the BlackLight Power Fnc cell as 
predominantly KHCO, and hydr.no hydride compounds including 
mipl. where n is an integer, based on the excess hydrogen contcni 
which was 30% in exces.s of that of KHCO, (1.3 versus 1 atomic percent) 
The volatthly of KH(H p),, where n is an integer, would give rise to a 
poiassium deficit over lime. 

Solids-Probc-Quadrapole-Mass-Spectroscopy (SPQMS) is a 
convenient sensitive method to determine the mass spectrum of volatile 
compounds over the range of mass to charge ratios (e.g. m/. = i-200) with 
a low mass resolution (e.g. ±0.1 «m«). The analyte is placed in an inert 
sample holder in a vacuum chamber which is on-line to a quadrapole 
mass spectrometer. The sample is heated up to 600 "C The volatilized 
compounds are ionized with an electron beam (electron ionization El) 
The masses arc determined by a quadrapole mass spectrometer wherein 
the each ion passes through a quadrapole elcctrodynamic field and 
strikes the detector when the scanned field is rcsonam with the mass to 
charge ratio of each ion. 

The possibility of using mass spectroscopy to detect volatile 
2 5 hydrino hydride compounds was explored. A number of hydrino hydride 
compounds were identified by mass spectroscopy by forming vapors of 
heated crystals from electrolytic cell and gas cell hydrino hydride 
reactors. In all cases, hydrino hydride ion peaks were also observed by 
XPS of the crystals used for mass spectroscopy that were isolated from 
each hydrino hydride reactor. For example, the XPS of the crystals 
isolated from the electrolytic cell hydride reactor (sample #9) having the 
mass spectrum shown in FIGURES 69 and 70 is shown in FIGURES 88 and 
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89- The XPS of recryslnlli^ed crysials isobtcd from ihe eniire gas cell 
hydride reactor (sample «34) h shown in FJGURE 90. 

3.7.1 Soiids-Probc-Quadrapole-Mass-Spcctroscopy (SPQMS) 

5 

Mass spectroscopy was performed by lilackLighi Power, Inc. on the 
crystals fronn the electrolyiic cell and the gas cell hydrino hydride 
reactors. A Dycor System 1000 Quadrapole Mass Spectrometer Model 
#D200MP with a HOVAC Dri-2 Turbo 60 Vacuum System was used. One 

10 end of a 4 mm ID fritted capillary tube containing about 5 mg of the 

sample was sealed with a 0.25 in, Swagclock union and plug^wagclock 
Co., Solon, OH). The other end was connected directly to the sampling 
port of a Dycor System 1000 Quadrapole Mass Spectrometer (Model 
D200MP. Ametck, Inc., Pittsburgh, PA). The mass spectrometer was 

15 maintained at a constant temperature of 115 by heating tape. Tlic 
sampling port and valve were maintained at 125 with heating tape. 
The capillary was heated with a Nichromc wire heater wrapped around 
the capillary. The mass spectrum was obtained at the ionization energy 
of 70 cV (except where reported otherwise) at different sample 

2 0 temperatures in the region m/e = 0-220. 



3.7.2 Results and Discussion 



Solids^Probc-Quadrapole-Mass-^Spcctroscopy was used to confirm 

2 5 polyhydrogen compounds. Although the mass resolution was O.l AMU, 

peaks with significant mass excess that could only be polyhydrogen 
compounds were easily identified. Only water and trace air 
contamination peaks were observed in the mass spectrum of 99.99% pure 
K,CO,, 99.999% pure KNO,^ and 99,999% pure Kl below the decomposition 

3 0 temperatures. For some experimental samples, peaks were observed at 

the nominal masses of those of iodine. A mixture of distiiled water and 
pure iodine (sample #26) was run as a control which shown in FIGURE 66. 
The water peaks and singly and doubly ionised atomic iodine peaks are 
shown. The experimental peaks given herein could not be assigned lo 
3 5 iodine or hydrated, or protonated iodine. The observed masses and 
branching ratios were different from those of water plus iodine. Peak 
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assignmenis were based on consislcncy with ibc ESITOFMS, SPMSMS, and 
TOFSIMS high resoluiion daia. The observed peaks from polyhydrogcn 
compounds arc given in TABLE 30. The silane fragment SiH^ 

= 29.99258) was observed ai {m/e^ZO.O). For sample #32, ihe silane 

5 fragmeni 5iH* (m/e- 32.00823) was observed at {m/e = 32.0). Silanes with 
excess hydrogen such as the series SiJi^^^^{H,^)^ to S/.H,„{W„)^ were 
observed. The silane stoichiomelry is unique in lhat the chemical 
formulae for normal silanes is the same as lhai of alkanes. Whereas, the 
formulae for hydrino hydride silanes may be the hydrogen series from 

I 0 that of alkanes lo Siji^^ which is indicative of a unique bridged hydrogen 
bonding. Only the ordinary silanes Sili^ and Siji^ are indefinitely stable 
at 25 ^C. The higher ordinary silanes decompose giving hydrogen and 
mono- and disilane, possibly indicating SiHy as an intermediate. Also, 
ordinary silane compounds react violently with oxygen (F, A. Cotton, G. 

15 Wilkinson. Advanced Inorg anic Chemistry . Fourth Edition, John Wiley & 
Sons, New York, pp. 383-384.]. It is extraordinary that the present 
compounds are stable to heating in air. Even more extraordinary is the 
presence of polymers of hydrogen, /f,^, which add to these silanes, and 
the presence of //^ and //,^ compounds which may be cage compounds. 

20 



TABLE 30. The hydrino hydride compounds with a high mass excess 
assigned as polyhydrogcn peaks of the mass spectra of the crystals from 
the electrolytic cell and gas cell hydrino hydride reactors. 



Hydrino 1 tydrWe Compour 


d mi € o\ Peak 


ton 






8.5665125 




t7, 133025 




18.14085 




23.6838875 


Off; 


38,16706 


oh;, 


39.174885 




42.23475 




63.250805 




83.542995 




84.55062 
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85.558645 




88.55831 




90.46208 




94 .2S12 1 




95.25903S 




90.26686 




100 ?;4.<;7i 


Shim.): 


110.37641 




126.25944 


^',«.,(«„): 


127.267265 




128.27509 




MK376B15 




142.38464 



The mass spectrum = 0-150) of the vapors from sample #3 

with a sample heater temperature of 100 "C. and an insert of Ihe 
(/n/^ = 0-45) mass spectrum is shown in FIGURE 67. The polyhydrogeti 
compound assigned to W.^w; (m/c = 18.14085) is observed by SPQMS at 
(m/e = nA) as shown in the insert. As the ionization energy was increased 
from 30 cV to 70 eV. a {m/« = 22.0) peak was observed ihat was the same 
intensity as an observed (m/e = 44.0) peak. Carbon dioxide gives rise to a 
{m/e = 44.0) peak and a (m/* = 22.0) peak corresponding to doubly ionized 
CO,(m/c = 44.0). However, the (w/« = 22.0) peak of carbon dioxide is about 
0.52% of the (m/« = 44.0) peak (Data taken on UTl-lOOC-02 quadrapole 
residual gas analyzer with V„ = 70 V. V,^ = 15 V. V,^ = -20 V. /, =2.5 mA. and 
resolution potentiometer = 5.00 by Uthe Technology Inc.. 325 N. Mathida 
Ave.. Sunnyvale. CA 94086.]. Thus, the (/,./« = 22.0) peak is not carbon 
dioxide.^ The (m/e = 44.0) peak was assigned to KH,. The (m/c = 22.0) peak 
was assigned to doubly ionized KH^ produced by the following 
fragmentation reaction of KH, at Ihe higher ionization energy 
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H (Wp) H (l/p) 
\ / 



H<</p)^H(l/p) 
Ha' 



2e" 



(60) 



The exceptional intensity of the doubly ionized {m/e = 4A.O) peak is a 
signature and identifies hydrino hydride compound AT//, which is a 
component of inorganic hydrogen compounds as given in the ESITOFMS 
section. 

As (he ionization energy was increased from 30 eV to 70 eV a 
m/e = 4.0 peak was observed. The reaction is 





2d = ^' 




P . 



H:iup) 



(61) 



H:{l/p) serves as a signature for the presence of dihydrino molecules and 
molecular ions including those formed by fragmentation of increased 
binding energy hydrogen compounds in a mass spectrometer. 

The mass spectrum («,/e = 0-140) of vapors from sample #8 with a 
sample heater temperature of 148 "C is shown in FIGURE 68. 
Polyhydrogen compounds SiH,{H„)l (m /e = 63.250805), 5£,w„(//,j; 
(m/.= l27.267265).and (SiW0,{/^4 (m/e = 128.27509) were obsIrJed by 
SPQMSat (m/<r=63.3).(m/tf=:127.3). and (m/e = 128.3). respectively. 

The mass spectrum (m/« = 0-150) of vapors from sample #9 with a 
sample heater temperature of 234 "C is shown in FIGURE 69. 
Polyhydrogen compounds H^WS" (m/c =23.6838875). J* 
(/n/^ = 63.250805), W//^ (m/e = 84.55082). Si,Il,{H,,)l (m / c = 95.259035). 
i^i"<UH,*)l = 96-26686). Si,H„{//„); (m/e = 127.267265). and (J.W, ),(//..)' 

(m/«== 128.27509) were observed by SPQMS al (m/< = 23.7). (m/« = 63 3) " ' 
(m/* = 84.6). (m/e = 95.3). (m/e = 96.3). (m/e« 127.3). and 128.3), 
respectively. 

The mass spectrum («/e = 0-110) of the vapors from sample #9 
with a sample heater temperature of 185 X is shown in FIGURE 70 
Polyhydrogen compounds 5«,(W„); (m/. = 63.250805). Nh;, (;„/e = 84.55082). 
H,0H;, (m/* = 88.55831). 5i,W,(Wij; («/* = 95.259035). and (^W. ),{//„)* 
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{m/e = 96-26686) were observed by SPQMS ai (m/c = 63.3), (m/c = 84.6)» 
0;i/e = 88.6), 0/1/^ = 95 3), and /<? = 96.3), respectively. 

The mass spccirum (m/e = 0~'l20) of the vapors from sample #10 
with a sample heater lemperaiure of 534 ''C is shown in FIGURE 71. The 
5 dominant peak was the proton peak which may be from the 

decomposition of polyhydrogen compounds such as NOH;^ 0"/^ = 100.54573) 
which was observed at (m/e= 100.5). Another polyhydrogen compound 
H^jr {w/e=: 17.133025) is shown in FIGURE 72 at (m/e = l7.1). No other 
explanation was found. Several of the other peaks present may be 

10 hydrino hydride compounds such as NqH; {m/e = 26.013215) and monomers 
of inorganic hydrogen polymers given in the TOFSIMS and ESITOFMS 
sections. TOFSIMS was performed to provide dispositive assignments. 
The hydrino hydride compounds (mfe) assigned as parent peaks or the 
corresponding fragments (m/e) of the positive Time Of Flight Secondary 

J 5 Ion Mass Spectroscopy (TOFSIMS) of sample #10 taken in the static mode 
appear in TABLH 31. 

TABLE 31. The hydrino hydride compounds {m/e) assigned as parent 
peaks or the corresponding fragments (m/e) of the positive Time Of 
2 0 Flight Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #10 taken 
in the static mode. 



Hydrino Hydride 
Compound 
or Fragment 


Nominal 

l^ss 

m/e 


Obscived 
m/e 


Calculated 
m/e 


Difference 
Between 
Observed 
and Calculated 
m/< 


H ^ 


1 


1.01 


1.007825 


O.0O2 


^fg 


24 


23.98 


23.98504 


0.005 


Nali 


24 


23.99 


23.997625 


0.008 


MgH 


25 


24,99 


24.992865 


0.003 


Al 


27 . 


26.98 


26,98153 


0.001 


AlH 


28 


27,98 


27.989355 


0.009 




41 


40.97 


40.97936 


0.009 


Ti 


4 8 


47.95 


47.95 


0.000 


TiH 


49 


48.955 


48.957825 


0.003 
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Cr 


52 


51.94 


51.9405 


0.000 


CrH 


53 


52.94 


52.948325 


0.008 


CrH^ 


54 


63.96 


53.95615 


0.004 


Mn 


55 


54.94 


54.9381 


0.002 


Fc 


56 


55.93 


55.9349 


0.005 


Mnll 


56 


55. 9S 


55.945925 


0.004 


FeH 


57 


56.94 


56.942725 


0.003 


Ni 


58 


57.93 


57.9353 


0.005 


NiH 


59 


58.94 


58.943125 


0.003 


Cu 


63 


62.93 


62.9293 


0,00 1 


Zn 


64 


63.93 


63.9291 


o nn 1 


ZnH 


65 


64.94 






FeO 


72 


7 1.93 


' » . C> c. 3 O 1 


A n rv r\ 


FeOH 


73 


72.94 




0.002 


NiO 


74 


73.93 


7 1 O O A O < 


0.000 


NiOH 


75 


74.94 




0.002 


NiOH, 


76 


75.95 




0.004 


NaNiH, 


83 


82.94 


R9 Q^A7CL 
D ^ . C7*4 V / D 


0.00 1 


NaNiHy 


84 


B3.95 




O.O0 1 


NaNili, 


85 


84,96 


84 Q'>64 


A AAA 




86 


85.96 


85 96422S 


V . V V *♦ 


KHKOH 


96 


95.93 


95.93798 


0 Or^A 

w. wo 


KHKOH^ 


97 


96.945 


96.945805 




KH^ KOH, 


98 


97.95 


97.95363 




KH^ KOH^ 


99 


98.96 


98 9fi 1 4SS 


A AA1 


KH^ KOH^ 


101 


100.98 


100 Q77 1 


A A A1 


KHNO^ 


102 


101 .96 


' U 1 . i70 ^70 OD 


A A A 4 




lie 


115.866 


115,8706 


0.006 




117 


116,875 


116.878425 


0.003 


Crfili 


121 


120.88 


120.883735 


0.004 


CrHCrOH 


122 


121.89 


121.89156 


0.002 


FeH^ FeOH 


131 


130.89 


130.888185 


0.002 




132 


131.86 


131 .86551 


0.006 


Ni^OH 


133 


132.87 


132.873335 


0.003 
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CttyOH 


143 


142.86 


142.862335 


0.002 


CuH CuOH 


144 


143.86 


143.87016 


0.010 




174 


173.80 


173.8059 


0.006 


Silanes/Siloxaiies 










Si 


28 


27.97 


27.97693 


0.007 


SiH 


29 


28.98 


28.984755 


0.005 




3 1 


30,99 


31-000405 


0.010 


SiOH 


45 


44.98 


44.979665 


0.000 




129 


128.97 


128.96245 


0.008 




128 


128.04 


128.03292 


0.007 




129 


129.04 


129.040745 


0.001 




1S1 


150.97 


150.970725 


0.001 




152 


151 .98 


151 .97855 


0.001 



37% which was 



6.0 X 10' 

significant relative to the control (KHCOy) with a H/ "i^r 
7.8X10' 



3.3 X 10* 



^0.24%. 



Interference of ^^KH; from v/as eliminated by comparing the ^'K/ ^^K 
ratio with the natural abundance ratio (obs, = ^'^ ^ 38.3%, nat. ab. 



ratio = ^ = -7,4%). 
93 A ' 



6.0 X 10^ 



The hydrino hydride compounds {mfe) assigned as parent peaks or 
the corresponding fragments (m/e) of the negative Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #iO taken in the 
static mode appear in TABLE 32. 
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TABLE 32. The hydrino hydride compounds {m/c) assigned as parent 
peaks or ihe corresponding fragments (m/c) of ihc negative Time Of 
Flight Secondary Ion Mass Spectroscopy (TOFSIMS) of sample iilO taken 



in the static mode. 



Hydrino Hydride 


Nommal 


Observed 


Calculated 


Difference 


Compound 


Mass 






Belvveen 


or Fragment 


ml € 






Observed 










and Catculatod 










ml e 




28 


26.01 


26.013275 


0.003 




27 


27.00 


27.008515 


0.008 


KH, 


43 


43.00 


42.99501 


0.005 


Fe 


56 


55.93 


55.9349 


0.005 


FeH 


57 


56.94 


56.942725 


0-003 


Ni 


58 


57.93 


57.9353 


0,005 


NiH 


59 


58.94 


58.943125 


0.003 


NiH, 


60 


59.95 


59.95095 


0.001 


NiH, 


6 1 


60.96 


60.958775 


0.001 


NiH, 


62 


61,97 


61.9666 


0,003 


Naliy NaO 


65 


65.00 


64.997985 


0.002 


NiO 


74 


73.93 


73.93021 


0.000 


NaNiHy 


84 


83,95 


83.948575 


0.001 


NaNiH, 


65 


84.95 


84.9564 


0.006 


NiO,H 


91 


90.93 


90.932945 


0.003 


Ni{OH), 


92 


91.94 


91.94077 


0.001 


KHKO 


95 


94.93 


94.930155 . 


0 


KHKOH 


96 


95.94 


95.93798 


0.002 


KH.KOH 


97 


96.95 


96.945805 


0.004 


KU^ KOH 


98 


97.95 


97.95363 


0.004 




t03 


102.96 


102.966716 


0.007 


KHHSO, 


105 


104,94 


104.94125 


0.001 


FeCrli 


109 


108.88 


108.883225 


0.003 


K^HNO 


109 


108.93 


108.933225 


0.003 


NiCrH 


1 1 1 


110.88 


1 10.883625 


0.004 
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^ 12 


111. 89 


1 1 1-89145 


0.001 


CuCrH 


116 


115. 89 


1 15.878125 


0,01 2 


CtiCrH, 


117 


116.90 


1 16.88595 


0.014 




118 


117.89 


1 17.88525 


0.005 


K,0 KH 


134 


133.89 


133.893865 


0.004 


KO[KH\ 


135 


134.90 


134.90169 


0.002 




136 


135.90 


135.909515 


V . \J\J ^ 




137 


136.91 


136.91734 


0.007 


FellFeO, 


145 


144.86 


1 44.867445 


0 007 


KO,{KH\ 


151 


150.89 


150.8966 


0.007 


KO^H(KH\ 


152 


151.905 


151.904425 


0 00 1 




156 


155.86 


155.85484 


ft Oft*; 


Cr^H 


157 


155.83 


1 56.829325 


\J . \J\J \ 


K^H 


157 


156.86 








161 


160.86 




0.002 


Ni,0, 


164 


163.85 


163 65S'^'% 


u.uut> 




1 65 


164.66 


164 fif>*\ 


VJ.UOo 




166 


165.86 


1 6*^ ft700A 

« VJn^.V> / \J XJ tj 


U.U 1 1 


Fe^H 


169 


168.81 


168 81 252S • 




FeJI, 


171 


170.84 


170 8281 75 






174 


173.81 


173.8059 


0 Of)d 


Ni,H 


175 


174.81 


174.813725 


0 ood 




176 


175.83 


175.82155 


0 OOR 




1 79 


178.86 


178.845025 




NL^CuH 


180 


179.81 


1 79.808226 


o noQ 




183 


182.83 


1 82.8317 






184 


183.79 


183.7949 




Cu^NiH 


185 


184.80 


184.802725 


0.003 




186 


185.80 


185.81055 


0.010 




187 


186.81 


186.818375 


0.008 




189 


188,79 


188.7894 


0.001 


CUyH 


t 90 


189.80 


189.797225 


0.003 


Cu,H, 


191 


190.81 


190.80505 


0,005 


Cu,H, 


192 


191.81 


191.812875 


0.003 
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10 



15 



20 





193 


192.64 


1 92.8207 


\J .\J\J\J 




194 


193.80 


1 93.80295 


\J •\J\JO 




196 


195.82 


195.8186 


0.001 




197 


196.84 


196.826425 


0.014 


Silancs/Siloxaiies 










Si 


28 


27.97 


27.97693 


0.007 


SiH 


29 


28.98 


26.984755 


0.005 


SiO 


44 


43.97 


43.97184 


0.002 


SiO, 


60 


59.97 


59.96675 


0.003 



25 



Hydrino hydride ions such as //-(i/9) (A2.Z eV), H-(\f\0) (49.4 <rV). and 
H-{l/]l) (55.5 eV) were observed in the XPS specirum of sample «!0. 

The mass spectrum («,/c = 0-220) of vapors from sample ft\l wit!, a 
sample heater temperature of 480 °C is shown in FIGURE 73. 
Polyhydrogen compounds = 17.133025), 

(;n/€ =63.250805). S/W,//;, /c = 90.46208). .*i26.25944), 

{'nU = 121.261265), (iVH,)^(W„}; (m = 128.27509). 
(m/c = l4).3768l5), and (m/e = 142.38464) were observed by 

SPQMS at (m/e^n.l), (m/e = 63.3). (mfe = 90.S), («i/e = 126.3). {mfe=m.3), 

= 128.3). (w/€=l41.4), and (/n/e = I42.4). respectively. Hydrino hydride 
ions such as //-(l/9) (428cV). i/-(l/10) (49.4 eV). and W (l/ll) {S5.S eV) 
were observed in the XPS spectrum of sample #11. 

The quadrapole mass spectrometer may also be used to distinguish 
hydrino hydride products with higher binding energies versus ordinary 
compounds via the ion current as" a function of ionization potential. The 
mass spectra («i/e = 0-135) of the vapors from sample «28 with a sample 
heater temperature of 325 and an ionization potential of 150 eV and 
70 €V are shown in FIGURE 74 and FIGURE 75. respectively. No unusual 
peaks were observed at an ionization potential of 30 eV. On increasing 
the ionization potential from 30cV to 70eV', polyhydrogen compounds 
(««/^ = 63.250805), Si,H„{H,,X (m/e = 127.267265), and ),(«„); 
(m/^ = 128 27509) were observed by SPQMS at = 63.3). 127.3).' and 

(«i/c = 128.3). respectively. On increasing the ionization potential from 
10 eV to 150 eV. polyhydrogen compound CW^ {«i/e = 42.23475) was 
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observed by SPQMS n, (,We = 42.2). Only a polyhydrogen compound or a 
hydr.no hydndc compound such as KH, are possible based on the 
nominal nms of 42 and Ihc. response to ionir.ation potential The 
ass.gnt«enc was based on ihe observauon of a polyhydrogcn compound of 
Ihc appropriate mass by ESITOFMS as given in ,he ESITOFMS section 

The mass spectrum (m/e = 0-nO) of vapors from sample #29 
whereby the sample was dynamically heated from 90 "C lo 120 »C while 

RCURr 77' p'',"^ ""^'^ '"/-75...00 is shown in 

MOUKb 76. Potyhydrogen compounds NH^ ("«/e = 83.542995), NHH' 

{m/e = 85.558645). Si,H,{l{,J^ = 95.259035). and (S/W, ),(//„)' 
(m/e = 96.26686) were observed by SPQMS at (m/e = 83.S). (m/e = 85.6). 
(«/e = 95.3), and (m/<r = 96.3). respectively. 

The mass spectrum =0-150) of the vapors from sample «30 

w.ih a sample heater temperature of 285 X is shown in FIGURE 77 
Polyhydrogen compounds (/n /e = 8.5665125). (,„/e= 17 133025) 

Sii^Ml ('«/^ = 63.250805). {«/< = 127.267265). {SiH,)^{Hj 

(m/. = 128.27509). and Si,H^(H,,)l ('« ^ « = 142.38464) were observed by SPQMS 
at {mJe = Z.(A (m/. = 17.l). («,/. = 63.3). («/. = 127.3). 128.3). and 

(ffi/t= 142.4), respectively. 

The mass spectrum (,n/. = 0-150) of the vapors from sample 
with a sample heater temperature of 271 is shown in FIGURE 78 
Polyhydrogen compounds Siff,{//,j; (m/e=63.250805). 
On/. = 94.25121). 5i,//,(//j; („./e=. 95.259035). {W/,),(//,); =96.26686). 
ShlhiH„\ ('n/e= 110.37641). S/,//„{//,,); («./.= 127.267265). and Sf,ff.,(/f„)' 
= 142.38464) were observed by SPQMS at («,/e = 63.3) {m/e = 943) ' 
<m/e = 95.3).{„./. = 96.3).{.„/e = n0.4).(«/. = ,27.3), and (,„/. = 142.4) 
respectively. The mass spectrum (m/. = 0-65) of the vapors from sample 
« wtt^h a sample heater temperature of 271 "C is shown in FIGURE 79 
Polyhydrogen compound H„H' (m/* = 17.l3302S).was observed by SPQMS 
30 at = 17. 1). 

The mass spectrum (m/e = 0-l35) of the vapors from sample #32 
with a sample heater temperature of 102 is shown in FIGURE 80 
Polyhydrogen compounds Off^ (m/. = 38.16706). = 39.174885)'. 

(m/e = 63.250805). ShH„{H,,)1 (m/*= 127.267265). and (Si//,),(wl); 



20 



25 
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(«i/c = 128.27509) were observed by SPQMS al (/H/e^38.2), (/n/e:r3o 2), 

(i«/*? = 63.3)» {»i/e-J27.3)» and {m/^r = 128.3). respecUvcly. 

The mass specirum {mfe = 0-\50) of the vapors from sample #33 

with a sample healer temperature of 320 ""C is shown in FIGURn 81. * 

Polyhydrogea compounds Hjr (m/^ = 17.133025), .S///j{/y,J] 

{nt/e = 63.250m), Si,H,,(H,,y^ (m / e = 127.267265), and {SiH,\{H,^)[ 

= 128.27509) were observed by SPQMS at = 17.1), (m/^ =:63.3), 

= 127.3), and {/n/e = 128.3), respectively. With continued healing under 

vacuum the polyhydrogcn compound Si7/j(/J,^)* (m / e = 63.250805) was 

pumped away as shown in FIGURE 82. 
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3.8 



Pnotoelec cron Spftctroscopv^ 

^ ' ('^■'■ay Photocleccron Spectroscopy) 

XPS is capable of mensuring (he binding caergy. of each eleciron 
of an atom. A photon source with energy E,^ is used ,o ionize electrons 
from .he sample. The ionized electrons are emitted with cnerHv E ■ 

10 where £, is a negligible recoil energy. The kinetic energies of the emitted 
electrons are measured by measuring the magnetic field strengths 
necessary to have them hit a detector. E_ and are experfmen.alW 
known and are used to calculate E,. the binding energy of each atom 
Thus, XPS incontrovertibly identifies an atom. 



A series of XPS analyses were made on crystalline and polymeric 
samples by the Zettlemoycr Center for Surface Studies Sinclair 
Laboratory. Lehigh University. The binding energy of' various hydr.no 
hydrtde tons may be obtained according to Eq. (.0). The hydrino hydride 
.on bindrng energies according .o Eq. (10) are given in TABLE 1 XPS was 
used to confirm the TOFSIMS. ESITOPMS. SPMSMS and SPQMS data 
showmg production of the increased binding energy hydrogen 
compounds such as inorganic hydrogen and hydrogen polymers This 
was ach.evcd by identify. ng component hydrino hydride ions such as 
.-1/2 to „ = .,I6. E,=3.V,o73cV. The identity of the other elements of 
the polymers were confirtned via the shifts of the primary element peaks 
of the component atoms due to binding with increased binding energy 
hydrogen species such as hydrino hydride .ons. Hydrino hydride ion 
« = 1/16 .s the most stable hydrino hydride ion. Thus. XPS of the energv 
range ^. = 3eV.o73.V. detects ihese stales. Isolation of pure hydrino 
hydnde compounds from the electrolyte of the electrolytic cell hydrino 
hydnde reactor or from .he cell contents of the gas cell hydrino hydride 
reactor .s a means of eliminating impurities from the XPS sample which 
concomitantly dispositively eliminates impurities as an alternative 
assignment to the hydrino hydride ion peaks. The absence of impurities 
was determined from the survey spectrum over the region 
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£:*-0eV(o!200<?V. Tlic survey spectnim also detected shifts in the 
binding energies of elcmcms bound to hydrino hydride ions. 

3.8.2 Results and Discussion 

5 

Samples H2 and #3 were purified from the fC.COy electrolyte of the 
Thermacorc and BLP Electrolytic Cells, respectively. No elemcnis arc 
present in the survey scans which can be assigned to peaks in the low 
binding energy region with the exception of a small variable coniaminani 
10 of sodium at 64 and 31 cV. potassium at 16.2 eV and 32.1 eV, and 

oxygen at 23 eV. Accordingly, any other peaks in (his region must be 
due 10 novel compositions. Tlie theoretical positions of hydrino hydride 
ion peaks Jr{n = \lp) for p = 2 to p=i6 are identified for each of the 
samples ff2 and #3 in FIGURES 83. and 85. respectively. The 0 2s which 
is weak compared to the potassium peaks of K,CO, is typically present at 
23 eV. but is broad or obscured in FIGURES 83 and 85. In addition, the 
sodium peaks. Na. of sample «3 arc identified in FIGURE 17. The 3r 
and Kip, K, are shown in FIGURES 83 and 85 at 16.2^1^ and 32.1 eV. 
respectively. Peaks centered at 22.8 cV and 38.8 eV which do not 
20 correspond to any other primary element peaks were observed The 
intensity and shift match shifted K3s and K3p. Hydrogen is the only 
clement which docs not have primary element peaks; thus, it is the only 
candidate to produce ihc shifted peaks. These peaks may be shifted by a 
novel hydride ion with a high binding energy of 22.8 cV that bonds to 

2 5 potassium K3p and shifts the peak to this energy. In this case, the K3s 

is similarly shifted. The XPS peaks centered at 22.8 and 3SZeV arc 
assigned to shifted AT 35 and K3p. The anion does not correspond, to any 
other primary element peaks; thus, it is assigned to the 
«-(n = 1/6) £,= 22.8 «V hydrino hydride ion where is the predicted 
30 binding energy. These peaks were not present in the case of the XPS of 
matching samples isolated from an identical electrolytic cell except that 
WfljCOj replaced K^CO^ as the electrolyte. 

XPS further confirmed the ToF-SIMS data by showing shifts of the 
primary elements. The splitting of the principle peaks of the survey 

3 5 XPS spectrum of samples #2 and #3 indicative of multiple forms of 

bonding involving the atom of each split peak appear in TABLE 33. The 
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selecJed survey specira with ihe corresponding FIGURES of ihc high 
resolution specira of the low binding energy region arc given as (#/«). 
The iaiter coniain hydrino hydride ion peaks. And, several of the shifts 
of the peaks of elements given in TABLE 33 and shown in the survey 
5 spectra are greater than those of known compounds. For example, the 
XPS survey spectrum of XPS sample «3 which appears in FIGURE 84 
shows extraordinary potassium and oxygen peak shifts. All of the 
potassium primary peaks are shifted to about the same extent as that of 
the Kisaad K3p, In addition, extraordinary Ols peaks of the 
10 electrolyUc cell sample were observed at 537.5 and 547.8 eV; whereas, 
a single Ols was observed in the XPS spectrum of KjCO, at 532.0 eV. The 
results are not due to uniform charging as the internal standard C\s 
remains the same at 284.6 eV. The results are not due to differential 
charging because the peak shapes of carbon and oxygen are normal, and 

1 5 no tailing of these peaks was observed. The range of binding energies 

from the litecaiorc [C. D. Wagner. W. M. Riggs. L. E. Davis. J. F. Moulder. G. 
.. E. Mulilcnbcrg (Editor), Handbook nf X-rav Plintf>electron Sp ArirA^^^py 
Pcrkin-Elmer Corp.. Eden Prairie, Minnesota, (1997).) (minimum to 
maximum, min-max) for the peaks of interest are given in the final row 
20 of TABLE 33. The peaks shifted to an extent that they are without 
identifying assignment correspond to and identify compounds 
containing hydrino hydride ions. For example, the positive and negative 
ToF-SlMS spectra of sample #3 was similar to that of sample «1 
(TABLES 2 and 3). The spectrum contained inorganic hydride clusters 

2 5 ( K{KH KHCO,l mtc = (39 + 140«). K^Oli^KH KUCO,\ n,fe = {9iir 140n). and 

K^C{KHKHCO^\ m/f = (133 + l40n)) observed in the positive ToF-SIMS 
spectrum of sample fll. In addition, the positive ToF-SIMS spectra of 
sample «3 showed large peaks which were identified as KHKOH znA 
KHKOH^ as shown in FIGURE 86. The extraordinary shifts of the A'3p. 
30 K7,s, K2p„ K2p„ and K2s XPS peaks and the Ols XPS peak shown in 
FIGURE 84 arc assigned lo these compounds. ToF-SIMS and XPS taken 
together provide substantial support of hydrino hydride compounds as 
assigned herein. 

Aro//,(m/c = 26.013275) and W/. (m /c = 42.99501) were observed in the 

3 5 negative TOFSIMS of several samples having large shifts of the primary 
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XPS peaks as shown in TABLH 33. A^oH, (m /c = 26.013275) and 

= 42.99501) were observed at (m/«r = 26.01) and (»ft/e = 43.00). 
respecuvely. as given in Uie Idcntificalion of Hydrino Hydride 
Compounds by Timc-Of-F)ight-Secondary-Ion-Mass-Specuoscopy 
(TOFSJMS) Section. Tlie binding energy of Wo'^ is 71.64 eV. and the 
binding energy of K*' is 60.91 cV. Whereas, the binding energy of 
H i\/\6) is 72.4 eV. Thus, (he sodium and poiassium of Nali, and KH„ 
respectively, may be in a very high oxidation state which is stabilized by 
one or more hydrino hydride ions having a high binding energy such as 
«"(I/I6). 



TABLE 33. The binding energies of XPS peaks of inorganic hydrogen 



XPS 

ft 


RG 


C\s 
(eV) 


N\s 
(eV) 


O \s 
(eV) 


Na Is 
(eV) 


K3p 
(eV) 


{eV) 


K Ip^ 
(eV) 


K 2p, 
(eV) 


K 2s 
(eV) 


K^CO, 




264.6 
288.4 




532.0 




18 


34 


292.4 


295.2 


376.7 


2 


83 


284.6 
288.8 


-390 
V€f y 
broad 


530.7 
537.3 
547.5 


to7o.a 


16.2 

22.8 


32.1 
38.8 


291.5 
298.5 


293.7 
300.4 


376,6 
362.6 


3 


84 
BS 


284.6 
288.5 


393.6 


530.9 
537.5 
547.8 


1070.0 


16.2 
22.8 


32.1 
38.8 


291.5 
298.5 


293.7 
300.4 


376.6 
382.6 


5 


87 


284.6 
288,2 


403.2 
407.4 


530.3 
532,2 
540.6 
545.2 


1070.8 


16.8 


32.7 


29S.3 


292.6 


377,5 


6 




284.6 




530.3 


1072.9 
broad 


16,9 


32.0 


292.5 


295.3 


377.2 


8 




284.6 
288.1 


398.9 
402.8 
40C.7 


531.8 


1070.9 


16.7 


32.5 


292.3 


295.1 


376.9 
385.4 
broad 
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9 


88 
69 


284.6 
285-7 
287.4 
288.7 


403.2 
407.0 


532. t 
535-7 
563.8 


1070.9 
)077.S 












29 




284.6 
285.9 


399.5 
406.5 


530.7 


1072.5 
bfoad 


16.6 


32.5 


292.3 


295.2 


377.1 


3^ 


00 


284.6 


403.3 
407.4 


532.6 
assym 
539.2 
S4t.6 


1070.7 


16.9 


32.9 


292.6 
299.3 


295.6 
302.3 


377.4 


Min 
Max 




200.S 
293 


398 
407. S 


529 
535 


1070-4 
1072.8 






292 
293.2 







The 0-60 eV binding energy region of a high rcsolulion X^ray 
Photoelcclron Spectrum (XPS) of crystals isolated from ihe INEL 
Elecirolyiic Cell (sample «5) with the primary clemcnl peaks identified 
5 appears in FIGURE 87. No impurities were present in the survey scan 

which can be assigned to peaks in the low binding energy region with the 
exception of sodium at 64 and 31 eV, potassium at 16.8 eV and 32.7 cV. 
and oxygen at 23 eV. Accordingly, any other peaks in this region must 
be due to novel compositions. The intense hydrino hydride ion peaks 

10 [r{\/A) 11.2 eV, /y-(l/6) 22.8eV, /r{l/8) 36.UV, 

H-{\/9) 42,8eV-/r(l/12) 6\eV. the weak oxygen peak, O 23€V. sodium 
peaks, Na 31 and Na 64 eV, and the potassium peaks, K 16.8 and 
K 32.7 cV, are identified for sample «5 in FIGURE 87. The hydrino 
hydride peak f/-(l/5) 16.7 is under the K 11,5 eV peak. The hydrino 

15 hydride peak H'{\n) 293 eV is under the Na 3UV peak. These hydrino 
hydride ion peaks were not present in the case of the XPS of matching 
samples except that Na^COy replaced K^CO^ as the electrolyte. The XPS 
data confirms the TOFSIMS data of increased binding energy hydrogen 
compounds. 

2 0 Sample «9 was purified from the K^CO^ electrolyte of the BLP 

Electrolytic Cell by filtration. The SPQMS spectra are shown in FIGURES 
69 and 70. The survey scan is shown in FIGURE 88 with the primary 
elements identified. No impurities are present in the survey scan which 
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can be assigned lo peaks in the low binding energy region wjih the 
excepiion of sodium ai 64 and 31 eV and oxygen at 23 eV. Accordingly, 
any oiher peaks in ihis region musr be due to novel compositions. The 
hydrino hydride ion peaks H {n-\/p) for p = 2 lo ^=16 and the oxygen 
peak. O, and sodium peaks, Na, are idenlified for sample U9 in FIGURE 
89. These peaks were not present in the case of the XPS of matching 
samples except that Na^CO^ replaced K^CO^ as the electrolyte. 

The data provide the identification of hydrino hydride ions whose 
XPS peaks can not be assigned lo impurities. Several of the peaks are 
spill such as the H {n = \iA), /f-(«=l/5), // (/i^l/g), H~{n^\nO\ and 
f/~(n==l/ll) peaks shown in FIGURE 89. The splitting indicates that 
several compounds comprising the same hydrino hydride ion arc present 
and further indicates bridged structures and polymers such as the 
compounds given in the TOFSIMS, ESITOFMS, SPMSMS and SPQMS 
sections. A general structural formula for a rcprcsenlaiive bridged 
increased binding energy hydrogen compound is 

H HCO, 

As further examples, K^H^ and Na^H^ may also occur as dimcrs having 
this structure, or they may occur as components of polymers. 

The 0 to 75 eV binding energy region of a high resolution X-ray 
Photoeleclron Spectrum (XPS) of rccrystallizcd crystals prepared from 
the entire gas cell hydrino hydride reactor comprising a Kl catalyst, 
stainless steel filament leads, and a W filament (sample #34) is shown in 
FIGURE 90. The survey scan showed that the recryslallized crystals were 
that of a pure potassium compound. No impurities are present in the 
survey scan which can be assigned to peaks in the low binding energy 
region. With the exception of potassium at 16.9 eV and 32.9 cV, and 
oxygen at 23 cV, no other peaks in the low binding energy region can be 
assigned to known elements. Accordingly, any other peaks in this region 
must be due to novel compositions. The hydrino hydride ion peaks 
//"(« = l/p) for p = 3 to /? = I6, the potassium peaks, and the oxygen 
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peak, O, are idcniified in FIGURE 90. The agreemcni with the resuhs for 
ihe crystals isolated from the electrolytic cell (sample U9) shown in 
FIGURE 89 is exccilcni. 

The XPS data confirms the TOFSIMS. ESITOFMS, SPMSMS and ' 
5 SPQMS data of the identification of increased binding energy hydrogen 
compounds. 

3 9 identification of Potassium Hvdrino Hvdrid e hv Gas Chromatop raphy 
of the Hydro g en Released bv Thermal Decompo^itipn 

10 

3.9-1 Gas Chromatography Methods 

Potassium hydrino hydride iKH{\/2)) wherein the hydride ion is 
//■(1/2) has a relatively low binding energy relative lo //'(I/ p); 2 < p< 24 

\ 5 as given in TABLE 1 and by Eq. (10). KH{l/2) may be less reactive and 
more thermally stable than ordinary potassium hydride, but may react 
according to Eq. (12) and Eq. (13). Under appropriate conditions KfI{\/2) 
may thermally decompose to release hydrogen. The oriho and para 
forms of molecular hydrogen can readily be separated by 

20 chromatography at low temperatures which with its characteristic 
retention time is a definitive means of identifying the presence of 
hydrogen in a sample. The possibility of releasing dihydrino or hydrogen 
by thermally potassium hydrino hydride with identification by gas 
chromatography was explored. 

2 5 Sample ft 15 comprised deep blue crystals that changed to white 

crystals upon exposure to air over about a two week period. To avoid 
exposing the sample to air, approximately 0.5 grams of sample U\5 was 
placed in a thermal decomposition reactor under an argon atmosphere. 
The sample was not weighed exactly to avoid exposure to air. The 

3 0 reactor comprised a 1/4" OD by 3" long quartz tube that was sealed at 

one end and connected at the open end with Swagelock^^ fittings lo a T. 
One end of the T was connected to a needle valve and a Welch Duo Seal 
model H02 mechanical vacuum pump. The other end was attached to a 
septum port. The apparatus was evacuated to between 25 and 50 
3 5 milliiorr. The needle valve was closed to form a gas tight reactor. 

Dihydrino or hydrogen was generated by thermally decomposing hydrino 
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hydride compounds. The heating was performed in the evacuated quartz 
chamber containing the sample with an cxicrnai Nichrome wire heater 
using a Variac transformer. The sample was heated to above 600 °C by 
varying the transformer voltage supplied lo the Nichrome heater umi! 
the sample melted and the blue color disappeared. Gas released from the 
sample was collected with a 500 gas tight syringe through ihc septum 
port and immediately injected into the gas chromatograph. The reactor 
was cooled to room temperature, and a mixture of while and orange 
crystalline solid remained. 

Gas samples were analyzed with a Hewlett Packard 5890 Series H 
gas chromatograph equipped with a thermal conductivity detector and a 
60 meter, 0.32 mm ID fused silica Rt-Aiumina PLOT column (Restek* 
Bellefonte, PA). The column was conditioned at 200*" C for 18-72 hours 
before each series of runs. Samples were run at -196'* C using Ne as the 
carrier gas. The 60 meter column was run with the carrier gas ai 3.4 PSI 
with the following flow rates; carrier * 2.0 ml/min., auxiliary - 3.4 
ml/min., and reference - 3.5 ml/min., for a total flow rate of 8.9 ml/min. 
The split rate was 10,0 ml/min. 

The control hydrogen gas was ultrahigh purity (MG Industries). 
0 

3.9.2 Results and Discussion 

The gas chromatographic analysis (60 meter column) of high purity 
hydrogen is shown in FIGURE 91, The gas chromatograph of the normal 

5 hydrogen gave the retention time for para hydrogen and orlho hydrogen 
as 12.5 minutes and 13.5 minutes, respectively. Control Kl (ACS grade, 
99+%. Aldrich Chemical Company) and KI exposed to 500 mtorr of 
hydrogen at 600 X in the stainless steel reactor for 48 hours showed no 
hydrogen release upon healing to above 600 ""C with complete melting of 

0 the crystals. Dihydrino or hydrogen was released when sample ^15 was 
heated to above 600 *'C with melting which coincided with the loss of the 
dark blue color of these crystals. The gas chromatograph of tlie 
dihydrino or hydrogen released from the sample ii\5 when the sample 
was heated to above 600 ^'C with melting is shown in FIGURE 92. In 

5 previous studies (Mills. R, •'NOVEL HYDRIDE COMPOUNDS PCT 

US98/ 14029 filed on July 7. 1998 J, it was found that hydrogen must be 
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present with dihydrino n = ^\ 2c' ^ 



to ideniify ihe lauer since ihe 



-migranon times are close. But, these results conOrm that sample #15 is a 
hydride. The TOFSIMS and XPS data wiih support of the present gas 
chromatographic data identifies these blue crystals as potassium hydrino 
5 hydride. The blue color may be due to the 407 nm continuum of fr{\/2) 
as given in TABLE I . 

XI 0 Ideniification of Hydrogen C a talysis by mtraviolct/V isihIe 
S pectroscopy (UV/VIS Spectroscopy^ 

10 

The catalysis of hydrogen by rubidium ions (Eqs. 6-8)) to form 
hydrino atoms and hydrino hydride ions may result in the emission of 
extreme ultraviolet (EUV) photons such as 912 /t. 

4t]-^4t]^'''^ (63) 

15 Hydrinos can act as a catalyst because the excitation and/or ionization 
energies are mX21.2eV (Eq. (2)). For example, the equation for the 
absorption of 27.21 eV. m = I in Eq. (2), during the catalysis of /vj^-^j by 

Ihc hydrino ^^j^^] ^^^^^ ionized is 

27,21 eV+//[^]4^//[^]^ /r +//[^] + t3^ ^2^X13.6 eV -27.21 eV (64) 

And, the overall reaction is 

/{^]+ h[^]+13' -2^ -4JX13.6 CV..13.6 eV (66) 

The corresponding extreme UV photon is: 

4t]-^4^]*^'2/1 (67) 

2 5 Tlie same transition can also be catalyzed by potassium ions 

w[^j_iC-^>Hj^j,9,2^ (68) 

Disproportionation of hydrinos may occur with emission of higher energy 
EUY such as 304 An exemplary reaction and the corresponding 
extreme UV photon arc: 
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/,[ikj.jM^,,[^j,304.4 (69) 

Exucmc UV photons may ionize or excile molecular hydrogen resulting in 
molecular hydrogen emission which includes well characterized 
iihraviolet and visible lines such as ihe Balmer series. UV and visible 
5 emission of hydrogen may also be caused by internal conversion of the 
energy of the catalysis of hydrogen. The UV and visible emission from 
hydrogen catalysis may be observable via ultraviolet/visible 
spectroscopy (UV/VIS spectroscopy). 

'0 3.10,1 Experimental Methods 

Potassium metal cryopumped and collected in the cap of the 
hydrino hydride gas ccl! reactor shown in FFGURB 2 whenever A7 catalyst 
was present in the cell. The potassium metal was also observed in the 

1 5 case that the dissociator such as titanium was treated with 0.6 M 

KjCO^/\0% H^Oj. The explanation may be due to the formation of 
potassium metal during the catalysis of hydrogen as given by Cqs. (3-5), 
An exemplary reaction is given by Eqs. (39-41). 

As further evidence of catalysis, the gas cell hydrino hydride 

2 0 reactor was observed to emit bright blue/violet light equivalent to that of 

a hydrogen plasma only when a catalyst such as KJ and RbCl was present 
with atomic hydrogen. Visually, the emission disappeared when the 
hydrogen pressure went above 2.5 lorr and reappeared when the system 
pressure went below 1.5 torr. An optical fiber was used to guide the 
25 emission from an operating gas cell hydrino hydride reactor to a 

ultraviolet spectrometer. The ultraviolet spectrum was recorded over the 
300-560 nm range. The Balmer series was sought to confirm the 
catalysis of hydrogen. 

In an embodiment of the gas cell hydrino hydride reactor, the 

3 0 catalysis of hydrogen was performed in a vapor phase gas cell with a 

tungsten filament and RbCl as the catalyst according to Eqs. (6-8). The 
high temperature experimental gas cell shown in FIGURE 2 was used to 
produce UV/VlS emission. Hydrino atoms and hydrino hydride ions 
were formed by hydrogen catalysis using rubidium ions and hydrogen 
3 5 atoms in the gas phase. 
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The experimental gas cell hydrino hydride reactor shown in FIGURE 
2 comprised a quartz cell in ihe form of a quartz lube 2 five hundred 
(500) iniHimctcrs in length and fifty (50) millimeters in diameter. The 
quartz cell formed a reaction vessel. One end of the cell was necked' 
5 down and attached to a fifty (50) cubic ceniimeier catalyst icservoir 3. 
The other end of the cell was fitted with a Conflat style high vacuum 
flange that was mated to a Pyrex cap 5 with an identical Conflat style 
flange. A high vacuum seal was maintained with a Viion O -ring and 
stainless steel clamp. The Pyrex cap 5 included five glass^to-metal tubes 
10 for the attachment of a gas inlet line 25 and gas outlet line 21. two inlets 
22 and 24 for electrical leads 6, and a port 23 for a lifting rod 26. One 
end of the pair of electrical leads was connected to a tungsten filament I. 
The other end was connected to a Sorcnsen DCS 80-13 power supply 9 
conlroHed by a custom built constant power controller. Lifting rod 26 

1 5 was adapted to lift a quartz plug 4 separating the catalyst reservoir 3 

from the reaction vessel of cell 2. 

/i, gas was supplied to the cell through the inlet 25 from a 
compressed gas cylinder of ultra high purity hydrogen 11 controlled by 
hydrogen control valve 13. Helium gas was supplied to the cell through 

2 0 the same inlet 25 from a compressed gas cylinder of ultrahigh purity 

helium 12 controlled by helium control valve 15. The flow of helium and 
hydrogen to the cell is further controlled by mass flow controller 10, 
mass now controller valve 30, inlet valve 29. and mass flow controller 
bypass valve 31. Valve 31 was closed during filling of the cell. Excess 

2 5 gas was removed through the gas outlet 21 by a molecular drag pump 8 

capable of reaching pressures of 10-4 torr controlled by vacuum pump 
valve 27 and outlet valve 28. Pressures were measured by a 0-1000 torr 
Baratron pressure gauge and a 0-10 torr Baratron pressure gauge 7. The 
filament 1 was 0.508 millimeters in diameter and eight hundred (800) 

3 0 centimeters in length. The filament was coiled on a ceramic heater 

support to maintain its shape when heated. The experimental gas cell 
hydrino hydride reactor shown in FIGURE 2 further comprised a 30 cm 
wide and 30 cm long titanium screen dissocialor was wrapped inside the 
mncr wall of the cell. The titanium screen dissociator was treated with 
3 5 0.6 M K^CO,/10% H^O, before being used in the gas cell hydrino hydride 
reactor. The screen was heated by the tungsten filament 1. The filament 
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10 



I 5 



20 



30 



35 



was rcsistively heated using power supply 9. The power supply was 
capable of delivering a constani power lo «he filament. The catalyst 
reservoir 3 was heated independently using a band heaicr 20 also 
powered by a constant power supply. The entire quartz cell was enclosed 
inside an insulation package comprised of Zircar AL-30 insulation 14 
Several K type thermocouples were placed in the insulation ,o measure 
key temperatures of the cell and insulation. The thermocouples were 
read with a multichannel computer data acquisition system. 

The cell was operated under flow conditions via mass now 
controller 10. The //, pressure was maintained at 0.5 torr at a flow rate 



of 



O.S cm ' 
min 



The filament was heated to a temperature in the range from 
1000-1400 °C as calculated by its resistance. A preferred temperature 
was about 1200 °C. This created a "hot zone" witliin the quartz tube of 
about 700-800 "C as well as causing atomization of the hydro-cn gas 
The catalyst was RbCl which was volatilized at the operating^ temperature 
of the cell. The catalysis reaction arc given by Eqs.{6-8). The catalyst 
reservoir was heated to a temperature of 700 "C to establish the vapor 
pressure of the catalyst. The quartz plug A separating the catalyst 
reservoir 3 from the reaction vessel 2 was removed using the lifting rod 
26 which was slid about 2 cm through the port 23. This introduced the 
vapor.zcd catalyst into the "hot zone" containing the atomic hydrogen, 
and allowed the catalytic reaction to occur. 

The UV/VIS spectrometer was a McPherson extreme UV region 
spectrometer. Model 234/302VM (0.2 meter vacuum ultraviolet 
2 5 spectrometer) with photomultipHcr tube (PMT). The PMT (Model 

R1527P. Hamamatsu) used has a spectral response in the range of 185- 
680 nm with a peak efficiency at about 400 nm. Tfie monochromctcr 
used could scar, mechanically to 560 nm. The scan interval was 0.5 nm 
The inlcl and outlet slits were 500 - 500^. 

The UV/VIS emission from the gas cell was channeled into the 
UWIS spectrometer using a 4 meter long, five stand fiber optic cable 
(Edmund Scientific Model fiE2549) having a core diameter of 1958 fun 
and a maximum attenuation of 0.19 dB/m. The fiber optic cable was 
placed on the outside surface of the top of the Pyrex cap 5 of the gas 
cell hydnno hydride reactor shown in FIGURE 2. The fiber was oriented 
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10 maximi2e ihe colleciion of iighi cmitied from inside ihc cell. The 
room was made dark. The other end of ihe fiber opiic cable was fixed 
in a aperture manifold ihai attached lo the enirance apcnurc of ihc 
UV/VIS spectrometer. 

5 

3,10.2 Results and Discussion 

The UV/VIS spectrum (300 560 nm) of light emitted from the gas 
cell hydrino hydride reactor comprising a tungsten filament and 0.5 lorr 
I 0 hydrogen at a cell temperature of 700 X is shown in FIGURE 93. The 
UV/VIS spectrum (300-560 nm) of light emitted from the gas cell 
hydrino hydride reactor comprising a tungsten filament, a titanium 
dissociator treated with 0,6 M K,CO,nO% Hfi^ before being used in the 
cell, gaseous RbCl catalyst, and 0.5 torr hydrogen at a cell temperature of 

1 5 700 *C is shown in FIGURE 94. Incandescent continuum radiation was 

observed for hydrogen heated by the tungsten filament as shown in 
FIGURE 93. With the addition of a titanium dissociator treated with 0.6 M 
K^CO,nO% fljO^ and gaseous RbCl catalyst, line emission was observed as 
shown in FIGURE 94. FIGURE 95 shows tlie emission due to a discharge of 

2 0 hydrogen superimposed on the gas cell emission. The assignment of two 

lines of the cell emission to Balmer lines at 486.13 nm and 434.05 nm 
was made. The remaining lines such as the peaks at 438.76 nm and 
534.83 nm remain unassigned to known lines. Of the possible reactions 
of a tungsten filament, a titanium dissociator treated with 0.6 M 

2 5 KjCO^/\0% Hfi^, gaseous RbCl catalyst, and 0.5 lorr hydrogen at a cell 

temperature of 700 X, no known chemical reaction could be found which 
accounted for the hydrogen Balmer line emission or the unidemified 
lines. Thus» the emission of the Balmer lines is assigned to the catalysis 
of hydrogen which excites molecular hydrogen. Tlie unidentified lines 

30 are assigned to emission of increased binding energy hydrogen 

compounds. The catalysis of hydrogen with the formation of increased 
binding energy hydrogen compounds was confirmed by the observation 
of hydrino hydride compounds Rbli , KHKOH , RbHKOH , znd RbHRbOH by 
TOFSIMS as given in TABLE 13. 
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UJ Novel FnorRanic Hydride from a Potassium Carhn nr gc E!ecirotyiir 

Cell 

ABSTRACT 

5 

A novel inorganic hydride compound KH KHCO^ which is stable in water 
and comprises a high binding energy hydride ion was isolated following 
the electrolysis of a K^CO^ electrolyte. Inorganic hydride clusters 
K[KHKHC0^\[ were identified by Time of Flight Secondary Ion Mass 
10 Spectroscopy. Moreover, the existence of a novel hydride ion has been 
determined using X-ray photoeleciron spectroscopy, and proton nuclear 
magnetic resonance spectroscopy. Hydride ions with increased binding 
energies may be the basis of a high voltage battery for electric vehicles. 

1 5 INTRODUCnON 

Evidence of the changing landscape for automobiles can be found in 
the recent increase in research into the next generation of automobiles. 
But, the fact that there is no clear front-runner in the technological race 

2 0 to replace the interna! combustion (IC) engine can be attested to by the 

divergent approaches taken by the major automobile companies. 
Programs include various approaches to hybrid vehicles, alternative 
fueled vehicles such as dual-fircd engines that can run on gasoline or 
compressed natural gas, and a natural gas-fired engine. Serious efforts 

2 5 are also being put into a number of ahernaiive fuels such as elhanol, 

methanol, propane, and reformulated gasoline. To date, the most favored 
approach is an electric vehicle based on fuel cell technology or advanced 
battery technology such as sodium nickel chloride, tiickeKmetal hydride, 
and lithium-ion batteries (L Uchara. T. Sakai, H. Ishikawa, J. Alloy Comp.. 

3 0 253/254, (1997), pp. 635-641], Although billions of dollars are being 

spent to develop an alternative to the IC engine, there is no technology in 
sight that can match the specifications of IC engine system [New Scientist, 
April 15. (1995) pp. 32-35]. 

Fuel cells are attractive over the IC engine because they convert 
3 5 hydrogen to water at about 70% efficiency when running at about 20% 
below peak output [D. Mulholland. Defense News, "Powering the Future 
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Miliiary-\ March 8, 1999, pp. 1&34]. But. hydroeca is difficult and 
dangerous lo store. Cryogenic, compressed gas. and metal hydride 
storage are the main options. In the case of cryogenic storage, 
liquefaction of hydrogen requires an amount of electricity which is at 
5 least 30% of the lower heating value of liquid hydrogen [S. M. Aceves, G. 
D Berry, and G. D. Rambach, Int. J. Hydrogen Energy, Vol. 23, No. 7. 
(1998), pp. 583-^591). Compressed hydrogen, and metal hydride storage 
arc less viable since the former requires an unacceptable volume, and the 
latter is heavy and has difficulties supplying hydrogen to match a load 
I 0 such as a fuel cell [S. M, Acevcs, G. D. Berry, and G. D. Rambach, Int. J. 
Hydrogen Energy. Vol. 23. No. 7, (1998), pp, 583-5911. The main 
challenge with hydrogen as a replaccmenc to gasoline is that a hydrogen 
production and refueling infrastructure would have to be built. 
Hydrogen may be obtained by reforming fossil fuels. However, in 

1 5 practice fuel cell vehicles would probably achieve only 10 to 45 percent 

efficiency because the process of reforming fossil fuel into hydrogen and 
carbon dioxide requires energy (D. Mulholland, Defense News, "Powering 
the Future Military\ March 8, 1999, pp. 1&34]. Presently, fuel cells are 
also impractical due lo their high cost as well as the lack of inexpensive 

2 0 reforming technology {J. Ball, The Wall Street Journal, "Auto Makers Are 

Racing to Market "Green" Cars Powered by Fuel Cells". March 15, 1999, p. 
U. 

In contrast, batteries are attractive because they can be recharged 
wherever electricity exists which is ubiquitous. The cost of mobile 

2 5 energy from a battery powered car may be less than that from a fossil 

fuel powered car. For example, the cost of energy per mile of a nickel 
metal hydride battery powered car is 25% of that of a IC powered car 
["Advanced Atilomotive Technology: Visions of a Super-Efficient Family 
Car", National Technical Information Service, US Department of 

3 0 Commerce, US Office of Technology Assessment. Washington, DC PB96- 

109202, September 1995). But. current battery technology is trying to 
compete with something that it has little chance of imitating. Whichever 
battery technology proves to be superior, no known electric power plant 
will match the versatility and power of an internal combustion engine. A 
3 5 typical IC engine yields more than 10,000 watt-hours of energy per 



wo 00/07931 



PCTAJS99/I7J29 



196 



kilogram of fuel, while ihe most promising baucry icchnology yields 200 
wau-hours per kilogram [New Scienlisu April IS, (1995) pp, 32-35). 

A high voliage baucry would have the advantages of much greater 
power and much higher energy density. The limitations of battery 
5 chemistry may be attributed lo the binding energy of the anion of the 
oxidant. For example, ihe 2 volts provided by a lead acid cell is limited 
by the \A6eV electron affinity of (he oxide anion of the oxidant PbO^, An 
increase in the oxidation state of lead such as Pb^* Pb^" Pb** is 
possible in a plasma. Further oxidation of lead could also be achieved in 
10 theory by electrochemical charging. But, higher lead oxidation states are 
not achievable because the oxide anion required to form a neutral 
compound would undergo oxidation by the highly oxidized lead cation. 
An anion with an extraordinary binding energy is. required for a high 
voltage battery. One of the highest voltage batteries known is the liJhium 

1 5 fluoride battery with a voltage of about 6 volts. The voltage can be 

attributed to rhe higher binding energy of the fluoride ion. The electron 
affinity of halogens increases from the bottom of the Group VII elements 
to the top. Hydride ion may be considered a halide since it possess the 
same electronic structure. And, according to the binding energy trend, it 

2 0 should have a high binding energy. However, the binding energy is only 

0.75 eV which is much lower than the 3,4 eV binding energy of a fluoride 
ion. 

An inorganic hydride compound having the formula KHKHCO^ was 
isolated from an aqueous K^CO^ electrolytic cell reactor. Inorganic 

25 hydride clusters K\KHKHCOy\^ were identified by Time of Flight 

Secondary Ion Mass Spectroscopy (ToF-SIMS). A hydride ion with a 
binding energy of 22.ZcV has been observed by X-ray photoelectron 
spectroscopy (XPS) having upfield shifted solid state magic-angle 
spinning proton nuclear magnetic resonance (V/ MAS NMR) peaks. 

30 Moreover, a polymeric structure is indicated by Fourier transform 

infrared (FTIR) spectroscopy. The discovery of a novel hydride ion with 
a high binding energy has implications for a new field of hydride 
chemistry with applications such as a high voltage battery. Such 
extremely stable hydride ions may stabilize positively charged ions in an 

3 5 unprecedented highly charged state, A battery may be possible having 
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projected spccificauons that surpass those of the inicrnal combusiion 
engine. 

EXPERIMENTAL 

5 

Synthesis 

An electrolytic eel! comprising a K^CO^ electrolyte, a nickel wire 
cathode, and platinized titanium anodes was used to synthesize the 
KHKHCO^ sample (R. Mills, W. Good, and R. Shaubach. Fusion TechnoL 25. 
10 103 (1994)]. Briefly, the cell vessel comprised a 10 gallon {33 in. x 15 
in.) Nalgene tank. An outer cathode comprised 5000 meters of 0.5 mm 
diamcler clean, cold drawn nickel wire [Nl 200 0.01 97-. HTN36NOAG1, A- 
I Wire Tech, Inc.. 840.39th Ave., Rockford, Illinois, 61109] wound on a 
polyethylene cylindrical support. A central cathode comprised 5000 

1 5 meters of the nickel wire wound in a toroidal shape. The central cathode 

was inserted into a cylindrical, perforated polyethylene container that 
was placed inside the outer cathode with an anode array between the 
central and outer cathodes. The anode comprised an array of 15 
platinized titanium anodes [Ten - Engelhard Pi/Ti mesh 1.6' x 8" with one 

2 0 3/4" by T stem attached to the 1.6" side plated with 100 U scries 3000; 

and 5 - Engelhard !" diameter x 8" length titanium lubes with one 3/4" x 
7" stem affixed to the interior of one eifid and plated with 100 U Pt series 
3000), Before assembly, the anode array was cleaned in 3 M HCl for 5 
minutes and rinsed with distilled water. The cathode was cleaned by 

2 5 placing it in a tank of 0.57 M ir,C0,/3% H^O^ for 6 hours and then rinsing 

it with distilled water. Tlic anode was placed in the support between the 
central and outer cathodes, and the electrode assembly was placed in the 
tank containing electrolyte. The electrolyte solution comprised 28 liters 
of 0.57 M A:,C0, (Alfa AT^CO^ 99%), Electrolysis was performed at 20 amps 

3 0 constant current with a constant current (± 0.02%) power supply. 

Samples were isolated from the electrolytic eel! by concentrating 
the K^CO^ electrolyte about six fold using a rotary evaporator at 50 *C 
until a yellow while polymeric suspension formed. Precipitated crystals 
of the suspension were then grown over three weeks by allowing the 
3 5 saturated solution to stand in a sealed round bottom flask ai 25*'C, 
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Control samples uiilized in the following experiments contained A',CO, 
(99%). KHCO, (99.99%), HNO, (99.99%). and KH (99%). 

Top- .SI MS Characterization 
5 The crystalline samples were sprinkled onto the surface of double- 

sided adhesive tapes and characterized using a Physical Electronics TFS- 
2000 ToF-SIMS instrument. The primary ion gun utilized a "Ca* liquid 
metal source. In order to remove surface contaminants and expose a 
fresh surface, the samples were sputter cleaned for 30 seconds using a 

10 4 0/im X 40//ni raster. The aperture selling was 3. and the ion current 
was 600 pA resulting in a total ion dose of ID" ionslan*. 

During acquisition, the ion gun was operated using a bunched (pulse 
width 4 ns bunched to 1 ns) 15 kV beam [Microsc. Microana!. 
Microstruct.. Vol. 3. 1, (1992); For recent specifications see PHI Trift II. 

I 5 ToF-SIMS Technical Brochure, Eden Prairie. MN 55344). The total ion 
dose was 10" ions/cm\ Charge neutralization was active, and the post 
accelerating voltage was 8000 V-.- Three different regions on each sample 
of {\2}m) , (18/zfn)', and (25/jm)'.were analyzed. The positive and negative 
SIMS spectra were acquired. Representative post sputtering data is 

20 reported. 

XPS Cliaractcrization 

A series of XPS analyses were made on the crystalline samples 
using a Scicnta 300 XPS Spectrometer. The fixed analyzer transmission 
mode and the sweep acquisition mode were used. The step energy in the 
survey scan was 0.5 eV, and the step energy in the high resolution scan 
was 0.15 <rV. In the survey scan, the time per step was 0.4 seconds, and 
the number of sweeps was 4. In the high resolution scan, the time per 
step was 0.3 seconds, ajid the number of sweeps was 30. C Is at 284.6 eV 
30 was used as the internal standard. 

H ME_ Spectroscopy 

'// MAS NMR was performed on the crystalline samples. The data 
were obtained on a custom built spectrometer operating with a Nicolet 
3 5 1280 computer. Final pulse generation was from a tuned Henry radio 
amplifier. The '// NMR frequency was 270.6196 MHz. A 2^scc pulse 



25 
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corresponding lo a 15° pulse length and a 3 second recycle delay were 
used. The window was ±3\kHz. The spin speed was 4.5 kHz. The 
number of scans was 1000. Chemical shifts were referenced Co external 
TMS. The offset was 1527.12 Hz. and the magnetic flux was 6.357 T 

5 

FTIR Spectroscop y 

Samples were transferred to an infrared iransmiuing substrate and 
analyzed by FTIR spectroscopy using a Nicolet Magna 550 FTIR 
Spectrometer with a NicPlan FTIR microscope. The number of scans was 
1 0 500 for both the sample and background. The number of background 
scans was 500. The resolution was 8.000. A dry air purge was applied. 

RESULTS AND DISCUSSION 



1 5 ToF-S!MS 

The positive ToF-^SIMS spectrum obtained from the KHCO^ control is 
shown ill FIGURES 96 and 97. Moreover, the positive ToF-SIMS of a 
sample isolated from the electrolytic cell is shown in FIGURES 98 and 99. 
The respective hydride compounds and mass assignments appear in 

2 0 TABLE 3.11.1. In both the control and electrolytic samples, the positive 

ion spectrum are dominated by the ion. Two series of positive ions 
{K[K,CO,\l ^"/^-(39 + 138^i) and A:,0W[/:,C03); m/ z={95^mn)} arc 
observed in the KIJCO, control. Other peaks coniaitiing potassium include 
KC\ Kfi^\ Kfiji^\ KCO\ and However, in the electrolytic cell 

2 5 sample, three new series of positive ions are observed at 

[K[KHKHCO,][ mfz = {39^U0n). K,Oli[KHKHCO,l m/z = (95 + 140«)» and 
KyC{KH KIICO^^ m/z = {l33+I40n)). These ions correspond to inorganic 
clusters containing novel hydride combinations (i.e. KHKHCO^ units plus 
other positive fragments). 

3 0 The comparison of the positive ToF-SIMS spectrum of the KHCOy 

control with the electrolytic cell sample shown in FIGURES 96-97 and 98- 
99, respectively, demonstrates that the ^K* peak of the electrolytic cell 
sample may saturate the detector and give rise to a peak that is atypical 
of the natural abundance of "a:. The natural abundance of is 6.7%; 
3 5 whereas, the observed abundance from the electrolytic cell sample is 



wo 00/07931 



rCTA;S99/l7129 



200 



10 



1 5 



57%. This atypical abundance was also confirmed using ESIToFMS (R. 
Miils» The Grand Unified Theory of Classicnl Quauium Mechanics, January 
1999 Edilion» DlackLighl Power, Inc.. Cranbury, New Jersey, Disiributed 
by Amaion.com]. The high resolution mass assignment of the m/i-4\ 
peak of the elecirolytic sample was consistent with *^K, and no peak was 
observed at m/z = 42.98 ruhng out *'Kh;, Moreover, the natural 
abundance of was observed in the positive ToFSIMS spectra of 
KHCOy, KNO^; and Ki standards that were obtained with an ion current 
such that the peak intensity was an order of magnitude higher than 
tiiat given for the electrolytic cell sample. The saturation of the peak 
of the positive ToF-SlMS spectrum by the electrolytic cell sample is 
indicative of a unique crystalline matrix [Practical Surface Analysis^ 2nd 
ndiiloii. Volume 2. Ion and Neutral Spectroscopy, D. Briggs, M. P, Scab 
(Editors), Wiley & Sons, New York, (1992)). 

TABLE 3,11,1. The respective hydride compounds and mass assignments 



Hydriao Hydride 
Compcsund 
or Fragment 


Nominat 
Mass 
mi z 


Observed 
mil 


Calculated 
mi z 


Ditference 
Between 
Observed 
arxJ Catculatcd 
mi z 


KH 


40 


39.97 


39.971535 


0-0015 


KyH 


79 


78.940 


78.935245 


0.004 




eo 


79.942 


79.94307 


0.001 


KHKOU^ 


97 


96.945 


96.945806 


0,0008 


KH,{KH\ 


121 


120.925 


120.92243 


0.003 


KHKHCO, 


124 


123.925 


123.93289 


0.008 


KH.KHO, 


145 


144.92 


144.930535 


0.010 


K{KOH\ 


161 


150,90 


150.8966 


0-003 


KH{KOH\ 


152 


151.90 


151,904425 


0.004 


KH^{KOH\ 


153 


152.90 


152.91225 


0.012 


K\KH KHCO^] 


179 


178.89 


178.6915 


0.001 


KCO(KH\ 


187 


186.87 


186.873225 


0.003 


KfiHKHKOH 


191 


190.87 


190.868135 


0.002 
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KH^KOHKHKOH 


193 


192.89 


192.88378S 


0.006 




205 


204.92 


204.92828 


0.008 


KyOH\KH KHCO^\ 


235 


234.86 


234.857955 


0.002 


K[H^C0^ KH KHCOi] 


257 


25B.89 


256.8868 


0.003 


k^c{kh KHCO^] 


273 


272.81 


272.81384 


0.004 




303 


302.88 


302.89227 


0.01 2 


k[kh Knco.K^co,] 


317 


316.00 


316.80366 


0.004 


KlKil KHCOA 


3 1 9 


3 1 8.82 


0-tf> niQOi 

J 1 o . t) 1 y o 1 


0.00 1 


KH,{KHKOHl 


3 29 


QpQ DA 
o C o , o u 


Q O Q "7 O O 


0.007 


KOH,\KH KHCO.l 


337 


336,8 1 


oo o . o ^ y o / 




KM KOj 

[KH KHCO^lKHCOj] 


351 


350.81 


350-80913 


0.001 


KKHK.COy 
[KlfKlJCO,] 


357 


356.77 


356 77R 1 




KKH\KHKHCO,\ 


359 


358.78 


358.790845 


0.011 


K^Oli\KH KHCOy\ 


375 


374.78 


374.785755 


0.005 


K,OH\KHKOH\ 

[khco^] 


387 


386.75 


386.76238 


0.012 




405 


404,79 


404.80933 


0.019 


K,C{K,COy] 

[khkhco^] 

k\kH KOH{K,CO,\] 


411 


410,75 


410.72599 


0.024 




413 


412.74 


41 2.74164 






415 


414.74 


4 14.75729 


0.017 


KH^OKHCOy 
\KHKHCO\ 


437 


436.81 


436.7861 35 


0.024 


KKHKC0^[KH KHCOyl 


442 


441.74 


441.744375 


0.004 


k[KH KHCOy]^ 


459 


458.72 


458.74711 


0.027 


H[Kfi KOHl\K^C0yl 
or 


469 


468.70 


468.708085 


0.008 
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K{K,C0,lKIiCO,]^ 


477 


476.72 


476.744G5S 




K,0H[KH KHCOX 


515 


514.72 


514.71 3555 


0 .006 




553 


552.67 


552.66944 


0.001 


K[KH KlfCO^l 


599 


598.65 


598.67491 


0,025 




655 


654.65 


654.641355 


0.009 


K,0[KH KHCOy]^ 


693 


692.60 


602.59724 


0.003 


K\KH KtfCO^]^ 


739 


738.65 


738.60271 


0.047 




833 


832,50 


832.52504 


0.025 


k[kh KHCO,]^ 


879 


878.50 


878.53051 


0.031 


Kfi{KHKHCO,]^ 


973 


972,50 


972.45284 


0.047 



The negative ion ToF-SlMS of the elecuolyiic cell sample was 
dominaied by //", 0\ and OH' peaks. A series of nonhydridc containing 
negative ions { KCOy\KT,COy]] /«/z = (99+!38n)} was also present which 

5 implies that the hydride is lost wiil\ ihe proton during fragmentation of 
the compound KH KHCOy, 



XPS 

A survey spectrum was obtained over the region =0 eVro 1200 ^V. 

1 0 The primary clement peaks allowed for the determination of all of the 

elements present in each sample isolated from the K^CO^ electrolyte. The 
survey spectrum also delected shifts in the binding energies of the 
elements which had implications to the identity of the compound 
containing the elements. A high resolution XPS spectrum was also 
15 obtained of the low binding energy region = 0 eVio 100 ^rV) to determine 
the presence of novel XPS peaks. 

No elements were present in the survey scans which can be 
assigned to peaks in the low binding energy region with the exception of 
a small variable contaminant of sodium at 63 cV and 31 eV, potassium at 

2 0 16.2 eV and 32.1 cV^ and oxygen at 23 eV. Accordingly, any other peaks 

in this region must be due to novel species. The K3s and ^^3^ are shown 
in Figure 100 at 16.2 eV and 32.UV. respectively. A weak Nals is 
observed at 63 eV. The 0 2s which is weak compared to the potassium 
peaks of K^CO^ is typically present at 23 eV, but is broad or obscured in 
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20 



25 



FIGURE 100. Peaks centered at 22.8 and 38.8 fV/ which do not 
correspond \o any other primary eicment peaks were observed. The 
intensity and shift match shifted K3s and K3p, Hydrogen is ihc only 
element which does not have primary element peaks; thus, it is the only 
candidate to produce the shifted peaks. These peaks may be shifted by a 
highly binding hydride ion with a binding energy of 22.8 eV that bonds to 
potassium A'3p and shifts the peak to this energy. In this case, the K'^s 
is similarly shifted. These peaks were not present in the case of the XPS 
of matching samples isolated from an identical electrolytic cell except 
that JVfljCOj replaced K^COy as the electrolyte. 

A novel hydride ion having extraordinary chemical properties 
given by Mills (R, Mills, The Grand Unified Theory of Classical Quantum 
Mechanics, January 1999 Edition, BlackLighl Power. Inc.. Cranbury, New 
Jersey, r:)istributcd by Amazon.com] is predicted to form by the reaction 
of an electron with a hydrino (Eq. (71)), a hydrogen atom having a 
binding energy given by 

13-6 <rV 

(70) 



Binding Energy - - 



where a„ is 



where p is an integer greater than 1, designated as //j^^j 

the radius of the hydrogen atom. The resulting hydride ion is referred to 
as a hydrino hydride ion, designated as H~{\Jp). 



4^] 



H'[l/p) 



(71) 



The hydrino hydride ion is distinguished from an ordinary hydride 
ion having a binding energy of 0,8 eV. The latter is hereafter referred to 
as "ordinary hydride ion". The hydrino hydride ion is predicted (R, Mills, 
The Grand Unified Theory of Classical Quantum Mechanics, January 1999 
Edition, BlackLight Power, lnc.» Cranbury, New Jersey, Distributed by 
Ama2on.com) to comprise a hydrogen nucleus and two indistinguishable 
electrons at a binding energy according to the following formula: 



Binding Energy = ■ 



(72) 
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where p is an imeger greaier Uian one. j= 1/2. ;r is pi. /, is Planck's 
constani bar. p. is the permeability of vacuum, m, is ilic mass of the 
electron. ;i, is ihe reduced electron mass, a, is the Bohr radius, and e is 
the elementary charge. The ionic radius is 

From Eq. (73). the radius cf the hydrino hydride ion « (l//)):p = integer is 
- that of ordinary hydride ion, //"(l/l). The XPS peaks centered at 

22.ZeV and 38.8 el/ arc assigned to shifted and Kip. The anion does 
not correspond to any other primary clement peaks; thus, it may 
correspond to the //-(n= 1/6) =22.8 hydride ion predicted by Mills {R. 
Mills. The Grand Unified Theory of Classical Quantum Mechanics, January 
1999 Edition. BlackUght Power, Inc.. Cranbury. New Jersey. Distributed 
by Amazon.com] where is the predicted binding energy. 

Hydrinos are predicted to form by reacting an ordinary hydrogen 

1 5 atom with a catalyst having a net enthalpy of reaction of about 

/n-27.2l«V (74) 
where m is an integer [R. Mills. The Grand Unified Theory of Classical 
Quantum Mechanics, January 1999 Rdilion. BlackLight Power. Inc.. 
Cranbury, New Jersey. Distributed by Amazon.comJ. This catalysis 

2 0 releases energy from the hydrogen atom with a commensurate decrease 

tn size of the hydrogen atom. r. = n«„. For example, the catalysis of 
H{n = \)xo H{n = 1/2} releases 40.8 cV. and Ihe hydrogen radius decreases 
from a„ to -a„. One such catalytic system involves potassium. The 
second ionization energy of poiassiura is 31.63 «V; and K' releases 4.34 eV 

2 5 when, it is reduced to K. The combination of reactions Jf* to and 

to K, then, has a net enthalpy of reaction of 27.28 eV, which is equivalent 
to m = 1 in Eq. (74). 

_ 21.2ieV ^K'^K'^H^^j-,K^K^^,. «[^]+l(p ^l? - p']X U.C eV (7 5) 

Ki^K'' -^K* + K'+21.2ZeV (76) 

3 0 The overall reaction is 
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The energy given off during caialysis is much greater ihan ihe energy 
lost to the catalyst. The energy released is large as compared to 
conventional chemical reactions. For example, when hydrogen and 
oxygen gases undergo combusiion to form water 

Ihe known forinaiion enthalpy of water is A//, = -286 Jt7 / mo/e or 1.48 eV 
per hydrogen atom. By contrast, each ordinary hydrogen atom (n=|) 
catalysis releases a net of 40.ZeV. The exothermic reactions Eq. (75-77) 
Eq. (71) and the enthalpy of formation of KHKHCO, could explain the 
10 observation of excess enthalpy of |.6;flO'j that exceeded the total input 
enthalpy given by the product of the electrolysis voltage and current 
over time by a factor greater than 8 (R. Mills. W. Good, and R. Shaubach. 
Fusion Tcchnol. 25. 103 (1994)]. 

XPS further confirmed the ToF-SIMS data by showing shifts of the 
i 5 primary ele.ncnis. The splitting of the principle peaks of the survey XPS 
spectrum is indicative of multiple forms of bonding involving the atom of 
each split peak. For example, the XPS survey spectrum shown i„ FIGURE 
101 shows extraordinary potassium and oxygen peak shifts. All of the 
potassium primary peaks arc shifted lo about the same extent as that of 
the K3s and K'ip. In addition, extraordinary OU peaks of the 
electrolytic cell sample were observed at 537.5 and 547.8 eV; whereas, a 
smgle 0\s was observed in the XPS spectrum of K,CO, at 532.0 eV/. The 
results are not due lo uniform charging as the internal standard C\s 
remains the same at 284.6 eV. The results are not due to differential 
charging because the peak shapes of carbon and oxygen are normal, and 
no tailing of these peaks was observed. The binding energies of the 
K^COy control and an electrolytic cell sample are shown in TABLE 3.11.2. 
The range of binding energies from the literature [C. D. Wagner. W. M. 
Riggs. L. E. Davis. J. F. Moulder. G. E. Mulilenberg (Editor). Handbook of X- 
ray Photoelectron Spectroscopy, Pcrkin-Elmcr Corp.. Eden Prairie. 
Minnesota. (1997)} for the peaks of interest are given in the final' row of 
TABLE 3.11.2. The K3p, K3s. K2p„„ K2p,„. and Kls XPS peaks and the 
O \s XPS peaks shifted lo an extent greater than those of known 
compounds may correspond to and identify KHKHCO. 

35 



20 



25 
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TABLE 3.11.2. Tlie binding energies of XPS peaks of A',CO. and an 



XPS 

ft 


CIS 
(eV) 


O Is 
(eV) 


K3p 
(eV) 


K 3s 

(eV) 


K2p, 
(eV) 


K2p^ 
(eV) 


K2s 
(eV) 




288.4 


532.0 


18 


34 


292-4 


295.2 


376.7 


Electrolytic 

Cell 
Sample 


28B.S 


530.4 
537.5 
547.6 


16.2 
22.8 


32.1 
38.8 


291.5 
298.5 


293.7 
300.4 


376.6 
382.6 


Max 


280.5 
293 


529 
535 






292 
293.2 







10 



I 5 



20 



NMR 

The signal intensities of ihe 'W MAS NMR specmim of ilie K,CO, 
reference were relatively low. U contained a water peak .it l.iOg'ppin. a 
peak at 5.604 ppm. and very broad weak peaks al 13 2 ppm and 16 3 
ppm. The '// MAS NMR spectrum of the KHCO, reference contained a 
large peak at 4.745 with a small shoulder at 5.150 ppm. a broad peak at 
13.203 ppm, and small peak at 1.2 ppm. 

The '// MAS NMR spectra of an electrolytic cell sample is shown in 
FIGURE 102. The peak assignments arc given in TABLE 3.11.3 The 
reproducible peaks assigned to KHKHCO, m TABLE 3.11.3 were not 
present in the controls except for the peak assigned to water at +5.066 
ppm. The novel peaks could not be assigned to hydrocarbons. 
Hydrocarbons were not present in the electrolytic cell sample based on 
the TOFSIMS spectrum and FTIR spectra which were also obtained (see 
below). The novel peaks witbout identifying, assignment arc consistent 
with KHKHCO,. The NMR peaks of the hydride ion of potassium hydride 
were observed at 1.192 ppm and 0.782 ppm relative to TMS. The upfield 
peaks of FIGURE 102 are assigned to novel hydride ion {Kll-) in different 
environments. The down field peaks are assigned to the proton of the 
potassium hydrogen carbonate species in different chemical 
environments {-KHCOj). 
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TABLE 3.n.3. The NMR peaks of a„ elcciroly.ic cell sample with (heir 
assignments. 



Peak at Shift 
(ppm) 




+ 34.64 


UalivJ Kjt 

+ 17.163 opak 


+ 22.27 


side band of +5.066 
p^ak 


+ 17.163 


KH KHCO, 


+ 10.91 


KH KHCO, 


+ 8.456 


KH KHCO, 


+ 7.50 


KUKHCO, 


+ 5.066 




+ 1.830 


KHKHCO, 


-0.59 


side band of 
+ 17.163 nnnk 


-12.05 


KH KHCOy 3 


-15.45 


KH KHCO, 



* small shoulder is observed on me -12.05 peak 
whidi is the side band ot the +S.066 peak 



FTIR 



The FTIR specira of K,CO, (99%) and KUCOj (99.99%) were 
compared with that of an electrolytic cell sample. A spectrum of a 
mixture of the bicarbonate and the carbonate was produced by digitally 
adding the two reference spectra. The two standards alone and the 
mixed standards were compared with that of the electrolytic cell sample. 
From the comparison, it was determined that the electrolytic cell sample 
contained potassium carbonate but did not contain potassium 
bicarbonate. The unknown component could be a bicarbonate other than 
potassium bicarbonate. The spectrum of potassium carbonate was 
digitally subtracted from the spectrum of the electrolytic cell sample. 
Several bands were observed including bands in the 1400 -1600 cm ' 
region. Some organic nitrogen compounds (e.g. acrylamides. 
pyrolidinones) have strong bands in the region 1660«m-' tD. Lin-Vicn. N. B. 
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Collhup, W. G. Foteley, J, G. Grasscllic, The Handbook of Infrared and 
Raman Charaaerisfic Frequencies of Organic Molecu/es, Academic Prcss» 
Inc., (1991)]. However, the lack of . any deleciabic C-H bands 
( = 2800-3000 cwr') and the bands present m the 700 to ilOO a/f* region 
5 indicate an inorganic material (R. A. Nyquist and R. O. Kagel, (ifditors), 
Infrared Spectra of Inorganic Compounds, Academic Press. New York, 
(1971)], Peaks that arc not assignable to potassium carbonate were 
observed at 3294, 3077, 2883, 1100 rnr**. 2450, 1660, 1500, 1456, 1423. 1300, 
1154, 1023, 846, 761, and 669 cm~V 

1 0 The overlap i^lR spectrum of the electrolytic cell sample and the 

FTIR spectrum of the reference potassium carbonate appears in FIGURE 
103. In the 700 lo 2500 cm'* region, ihc peaks of the electrolytic cell 
sample closely resemble those of potassium carbonate, but they are 
shifted about 50 cm'^ to lower frequencies. The shifts are similar to those 
15 observed by replacing potassium (K^CO,) with rubidium (RbyCOy) as; 

demonstrated by comparing their IR spectra (M. H. Brookcr, J. B. Bates, 
Spectrochimica Acta. Vol, 30A. (1994), pp. 2211-2220]. The shifted 
peaks may be explained by a polymeric structure for the compound 
KHKHCOy identified by ToF-SIMS. XPS, and NMR. 

20 

Further Analytical Tc.rx^ 

X-ray diffraction (XRD). elemental analysis using inductively 
coupled plasma (ICP), and Raman spectroscopy were also performed on 
the electrolytic sample {R. Mills. The Grand Unified Theory of Classical 

2 5 Quantum Mechanics, January 1999 Edition, BlackUghl Power, Inc., 

Cranbury, New Jersey, Distributed by Amazon.com}. The XRD data 
indicated that the diffraction pattern of the electrolytic cell sample docs 
not match that of cither KH , KHCO,, ^,COj, or KOH. The elemental 
analysis supports KHKHCO^. In addition to the known Raman peaks of 

3 0 KHCO^ and a small peak assignable to /C3CO3, unidentified peaks at 

1685 cm"* and 835 cw * were present. Work in progress [R. Mills, The Grand 
Unified Theory of Classical Quantum Mechanics^ January 1999 Edition, 
BlackLight Power, Inc., Cranbury, New Jersey, Distributed by 
Amazon.com] demonstrates that KHKHCO^ may also be formed by a 
3 5 reaction of gaseous Kl with atomic hydrogen in the presence of K^CO^, In 
addition to the previous analytical studies, the fragment KK^COl 
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corresponding lo KH KHCO. was observed by clecirosnrnv r r 

^ ^ ^iccirospray lonjzaliou time 

of fhgM mass specroscopy as a chromatographic peak on a C18 liquid 
chromatography co.umn .ypicaUy used ,o separate organic compounds. 
No chromatographic peaks we.e observed i„ ,he ease of inorgan c " 
5 compound controls Kl. KHCO,, K,CO„ and KOH 



DISCUSSION 
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Alkab and alkaline earth hydrides react violently with water to 
release hydrogen gas wh.ch subsequently igni.e, due lo the exothermic 
reacttoa with water. Typically metal hydrides decompose upon heating 
at a «en,perature well below the melting point of the parent metal. These 
sahne hydrides, so called because of their saltHke or ionic character are 
the monohydrides of the alkali metals and the dihydrides of the alkaline- 
earth metals, wuh the exception of beryllium. Beli, appears to be a 
hydnde with bridge type bonding rather than a:, ionic hydride Highly 
poly^menzed molecules held together by hydrogen-bridge bonding is 
exhtbtted by boron hydrides and aluminum hydride. Based on the 
known structures of these hydrides, the ToF-SIMS hydride clusters such 
as KlKHKHCO^l, ,he XPS peaks observed at and 33.8.^ upLld 

NMR peaks assigned to hydride ion. and the shifted FTIR peaks the 
present novel hydride compound may be a poIy.„er. {/TW /Jz/co,) . with a 
structural formula which is similar to boron and aluminum hydrides The 
reported novel compound appeared polymeric in the concentrated ' 
electrolytic solution and in distilled water. [KHKHCO.i extraordinarily 
stable .n water; whereas, potassium hydride reacts violently with water 

As an example of the structures of this compound, the 
K[KHmCO,i '«/^ = (39+l40«) series of fragmem peaks is tentatively 
assigned ,0 novel hydride bridged or linear potassium bicarbonate 
compounds havmg a general formula such as [KHKHCO,l " = 1.2,3..- 
Gencral structural formulas may be 
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HCOa^ 



\ 



H" 



K' 



and 



t 



K* — HCO,' - 



Liquid chromatography/ESIToFMS studies arc in progress to support the 
polymer assignment. 

The observation of inorganic hydride fragments such as 
K[KHKHCO,\ in the positive ToF-SIMS spectra of samples isolated from 
ihe electrolyte foUcwing acidification indicates the stability of the novel 
potassium hydride potassium bicarbonate compound [R. Mills, The Grand 
Unified Theory of Classical Quantum Mechanics, January 1999 Edition, 
BlackLight Power. Inc.. Cranbury. New Jersey. Distributed by 
Amaion.com). The electrolyte was acidified with UNO, to p// = 2 and 
boiled to dryness to prepare samples to determine whether KHKHCO 
was reactive under tiiese conditions. Ordinarily no K^CO^ would be 
present, and the sample would be converted to KNOy Crystals were 
isolated by dissolving the dried crystals in water, concentrating the 
solution, and allowing crystals to precipitate. ToF-SlMS was performed 
on these crystals. The positive si^ctrum contained elements of the series 
of inorganic hydride clusters {K{KHKHC0^\^ m/z=(39 + 140«). 
KfiH[KHKHCO,l «/z = (95 + 140«). and K,C{KH KHCO.l «•/ 1 =(133+ 140«)} 
that were observed in the positive ToF-SIMS spectrum of the electrolytic 
cell sample as discussed in the ToF-SIMS Results Section and given in 
FIGURES 98-99 and TABLE 3.11.1. The presence of bicarbonate carbon 
(Cl^ = 289.5 eV) was observed in the XPS of the sample from the HNO, 
acidified electrolyte. In addition, fragments of compounds formed by the 
displacement of hydrogen carbonate by nitrate were observed {R. Mills, 
The Grand Unified Theory of Classical Quantum Mechanics, January 1999 
Edition. BlackLight Power. Inc.. Cranbury. New Jersey, Distributed by 
Amazon.com). A general structural formula for the reaction maybe 
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(79) 
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During acidification of the K,CO, electrolyte the pH repetitively 
increased from 3 to 9 at which lime additional acid was adde<l with 
carbon dioxide release. The increase in pH (release of base by the 
titration reactant) wns dependent on the temperature and concentration 
of the solution. A reaction consistent with this observation is the 
displacenrtent reaction of NO; for HCOl as given by Eq. (79).' 



CONCLUSION 



25 



.^uJr^ 1'<!F-SIMS. XPS. and NMR results confinn the identification of 
UfKHCO, with a new state of hydride ion. The chemical structure and 
properties of this compound having a hydride ion with a high binding 
energy are indicative of a new field of hydride chemistry. The novel 
hydride ion may combine with other cations such as other alkali cations 
and alkaline earth, rare earth., and transition element cations. Thousands 
of novel compounds may be synthesized with extraordinary properties 
relative to the corresponding compounds having ordinary hydride ions 
These novel compounds may have a breath of applications. For example 
a high voltage battery according to the hydride binding energy of 22 8eV 
observed by XPS may be possible having projected specifications that 
surpass those of the internal combustion engine. 
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3.12__Jmi l.csis nnd Chn mctcriza uon of Pn»a^<i..r,^ I q^Jq H vdrklf. 
ABSIRACr 

A novel inorganic hydride compound KHI which comprises a high binding 

energy hydride ions was synthesized by reaction of atomic hydrogen 
wiih potassium metal and potassium iodide. PoJassiurn iodo hydride was 

identified by time of night secondary ion mass spectroscopy. X-ray 
photoeiectron spectroscopy, proton and "/f nuclear magnetic resonance 
spectroscopy, Fourier transform infrared (FTIR) spectroscopy, 
electrospray ionization time of flight mass spectroscopy, liquid 
chromatography/mass spectroscopy, thermal decomposition with analysis 
by gas chromatography, attd mass spectroscopy, and elemental analysis. 
Hydride ions with increased binding energies may form many novel 
' ^ compounds with broad applications. 

U^fTRODUCTION 

Intense EUV emission was observed at low temperatures (e.g. 
<IO'/f) from atomic hydrogen and certain atomized elements with one or 
more unpaired electrons or certain gaseous ions which ionize at integer 
multiples of the potential energy of atomic hydrogen [R. Mills, J. Dong. Y. 
Lu. "Observation of Extreme Ultraviolet Hydrogen Emission from 
Incandcscently Healed Hydrogen Gas with Certain Catalysts". Science. 
(1999) in progress]. Based on its exceptional emission, wc used 
potassium metal as a catalyst to release energy from atomic hydrogen. 
Mills predicts an exothermic reaction whereby certain atoms or ions 
serve , as catalysts (R. Mills. Ue, Grand Unified Theory of Classical 
Quantum Mechanics, January 1999 Edition. BlackLight Power. Inc.. 
Cranbury. New Jersey. Distributed by Amazon.com) to release energy 
from hydrogen to produce an increased binding energy hydrogen atom 
called a hydrino having a binding energy of 

Binding Energy = ( g 0 ) 
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where /, is nn integer grenier ,han 1, designated as ^herc a, is 

.he rad.us of ,hc hydrogen atom. Hydrinos arc predicted ,o form by 
rencnng an ordinary hydrogen atom wi.h a catalyst having a ne, 
enthalpy of rcaceion of about 

where „, is an integer |R. Mills. The Gra.uJ Unified Theory of Classical 
Qua,uun, Mechanics, January 1999 Edition. BlackLight Power I„c 
Cranbttry. New Jersey. Distributed by A.nazon.com). This catalysis 

nyarogen atom. r,-na„. For example, the catalysis of 
= ,o 2, releases 40.8 .V. and the hydrogen radius decreases 

from a,, lo -^a,^. 

A catalytic system is provided by the ionization of , electrons from an 
atom each to a cont.nnun, energy level such that tite sum of the 
.on.zat.on energies of the , electrons is approximately ,«;^27 2 eK. where 
« .3 an .nteger. One such catalytic system involves potassium. The 

3 1. 63 . V. 45.806.;.. respect.vely [D. R. Linde. CRC Handbook of Chemistry 

toTail <^^^^>.n- 

4 Microsc Microanal. Micros.ruc. Vol. 3. I. (1992)]. The triple ioni^ation 

8 ; LT"7 '. ' • ^""'^^Py °f of 

M.7426<rJ/, which is equivalent to /n = 3 in Eq (81) 

^*' + 3e-->Ar(m)+81.7426eV ,33. 
And. the overall reaction is 

4^]"fe]"'^''^^>'-'''^^»3-^^^ (84) 

of .he potential energy of the hydrogen atom. The second ionization 
energy of potassium is 31.63 eV; and K' releases 4.34 .V when it is 
reduced to K. The combination of reactions AT' ,0 AT" and to K then 
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has a nci enthalpy of reaction of 27.28^1'. which is equivalent lo m = \ in 
Eq. (81). 



27.28eV+A" + A'* +/y 

K + A" 

The overall reaction is 



_£h_] 
.(P + 1)J 



A" + A" +27.28 fV 



(85) 
(86) 

(87) 



A novel hydride ion having extraordinary chemical properties 
given by Mills (R. Mills. The Grand Unified Theory of Classical Quantum 
Mechanics, January 1999 Edition. BlackLight Pov^'er. Inc.. Cranbury, New 
Jersey. Distributed by Ainazon.coin] is predicted to form by the reaction 
of an electron with a hydrino (Eq. (88)). The resulting hydride ion is 
referred to as a hydrino hydride ion. designated as // (l/p). 



47]-- 



H{Up) 



(88) 



The hydrino hydride ion is distinguished from an ordinary hydride 
ion having a binding energy of 0.8 eV. The latter is hereafter referred to 
as "ordinary hydride ion". The hydrino hydride ion is predicted (R. Mills. 
The Grand Unified Theory of Classical Quantum Mechanics, January 1999 
Edition. BlackLight Power. Inc., Cranbury. New Jersey, Distributed by 
Amazon.com] to comprise a hydrogen nucleus and two indistinguishable 



electrons at a binding energy according to the following formula; 



Binding Energy = ^ ylsi s + ^ 



(89) 



where p is an integer greater than one. j = 1/2. ;r is pi. A is Planck's 
constant bar. /j„ is the permeability of vacuum, m, is the mass of the 
electron, fi^ is the reduced electron mass. a. is tlje Bohr radius, and e is 
the elementary charge. The ionic radius is 

r,=^{u4^)).,sr..l - (903 

From Eq. (90). the radius of the hydrino hydride ion // (l //>);/> = integer is 
— that of ordinary hydride ion. W"(l/1). 
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A novel inorganic hydride compound KHl xvhich comprises high 
b,nd.ng energy hydride ions was synthesized by reaction of a.omic 
hydrogen wi.h po.assium metal and potassium iodide. Pocassium iodo 

rr^rtlM^ I ^^^^"'"^ spectroscopy 

(loF-SIMS). X-ray pholoelec.ron spectroscopy (XPS). proton and 

nuclear niagncnc resonance spectroscopy (NMR). Fourier transform 
infrared (FTIR) spectroscopy, elec.rospray ionization lime of flight mass 
spectroscopy (ESITOFMS). liquid chroma.ography/mass spectroscopy 
LC/MS) thermal decomposition with analysis by gas chromatography 
(OC). and mass spectroscopy (MS), and elemental analysis 

Alkali and alkaline earth hydrides react violently with water to 
release hydrogen gas which subsequently ignites due ,o the exothermic 
reaction with water. Typically metal hydrides decompose upon heating 
a. a temperature well below the .nehing point of the parent metal. These 
sal.ne hydndes. so called because of their saltlike or ionic character are 
the monohydrides of the alkali metals and the dihydr.des of the alkaline- 
earth metals. Mills predicts a hydrogen-type molecule having a first 
binding energy of about 

Binding Energy = ~- eV ^ 9 , j 

\P) 

Dihydrino molecules may be produced by the thermal 
decomposition of hydrino hydride ions. //-(,/2) .nay be less reactive and 
jnore thermally stable lhan ordinary potassium hydride, but may react to 
form a hydrogen-type r^oleculc. Potassium iodo hydride J^H(i/2}/ „,ay be 
heated to release dihydrino by thermal decomposition. 

2KH{m)I^H'^2e^^y2Kl . (92) 

^vhere 2c- is the internuclear distance and a, is the Bohr radius [R. Mills 
The Grand Unif,ed Theory of Classical Quantum Mechanics, January 1999 
Edition. BlackLight Power. Inc.. Cranbury. New Jersey. Distributed by 
Amazon.com). The possibility of releasing dihydrino by thermally 
decomposing potassium iodo hydride with identification by gas 
chromatography was explored. 

The first ionization energy, //>,. of the dihydrino molecule 
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«-[2c.-f.].„;„,..^,.,,- ^^^^ 

is /P. = 62.V (p = 2 in Eq. (91)); whereas, .he first ioniza.ion cneroy of 
ordinary molecular hydrogen. //42.' = >/24 is 15.46 .V. Thus. , he . 
possibility of using mass spectroscopy to discriminate //.hc ^ V2«,) fro.„ 
//;[2c-.-|] on the basis of the large difference between the .on.znt.on 
energies of ,he two species was explored. A novel high bind.ng energy 
hydrogen molecule assigned ,o d.hydr.no Jr^2c'=^j .vas identified by 

.he thermal decon^posttion of KHi with analysis by gas chromatography 
and mass spectroscopy. ^ 

The discovery of novel hydride ions with high bindmg encroies has 
imphcafons for a new field of hydride chemistry. These novel 
compos.t.ons of matter and associated technologies may have far 
reaching applications in many industries including chemical, electronics 
computer, military, energy, and aerospace ,n the form of pro^iuc. sue , as 
battenes. propellants. solid fuels, munitions, surface coating tu» I 
materials, and chemical processes. ^ structural 



EXPERIMENTAL 
20 Synthesis 

Potassium iodo hydride was prepared in a stainless steel gas cell 
Shown in FIGURE 104 comprising a Ti screen hydrogen dissoc.ator 
(Belleville Wire Cloth Co.. Inc.). potassium metal catalyst (Aldrich 
Chemical Company), and Kl (Aldrich Chemical Company 99.9 %) as the 

2 5 n.acta„.. The 304-s.ainless steel cell 301 was in the form of a tube 

haying an internal cavity 317 of 359 millimeters in length and 73 
millimeters in diameter. The top end of the cell was welded to a high 
vacuum 4 5/8 inch bored through conflat flange 318. The mating blank 

3 0 uT ' ""^'^ ^^^'''^^ •'^'^ ^" -hich was uelded a 

3/8 inch diameter stainless steel tube 302 that was 100 cm .„ length and 
contained an inner coaxial tube of 1/8 inch diameter. A silver plated 
copper gasket was placed between the two flanges. The two flanges are 
held together with 10 circumferential bolts. The bottom of the 3/8 inch 
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...be 302 was Hush with the bo,.om surface of ,hc top Oanoc ^.9 TI.e 
outer ,„be 302 served as . vacua, line fro. .he ce.^ a„/L i „er le 
served as .hydrogen or hc.iu. supply ,i„c to the cel.. The cell 0 t 
urrounded by four heaters 303. 304. 305. and 306. Concentric to the 
heaters was high .cmperatMre insulation (AL 30 Zircar) .307. Fach of the 
four heaters were individually thermostatically controlled 

The cylindrical wall of the cell 301 was lined with two layers of Ti 
screen 308 totahng ,50 gra.s. 75 gran, of crystalline ^/ 309 was 
poured .nto the eel, 301. About 0.5 gran, of potassiutn n.e.al was added 
.0 (he cell under aa argon atmosphere. The cell 301 was then 
conunuously evacuated with a high vacuum turbo pun,p 310 to reach 50 
n.n..orr measured by a pressure gauge (Varian Convec.or, Plrrani ^ pe) 

05, and 306. The heater power of the largest heater 305 was .'ncTsured 
ustng a wattmeter (Clarke -Hess model 259). The temperature of the ce 
was measured with a type K thermocouple (Omega). The cell 
jemperatttre was then slowly increased over 2 hours to 300 „sir.£ the 
heaters that were controlled by a type 97000 controller. The power to 

he largest heater 305 and the cell temperature and pressure weTe 
cor..„uous y recorded by a DAS. The vacuum pump valve 3,1 was 

n valve Slt'^^H T ^'^^^^'^ -^"'^^ 315 to 

he valve 314. Hydrogen was slowly added to maintain a pressure within 
the range of 1000 torr to ,500 torr by opening valve 3,3 ThT 
.cmperature of the cell was then slowly increased to 650 X over 5 hours 
m hydrogen valve 313 was closed except to maintain the pressure 7 

to 40o"c . ""'"^""^^ -^'-L 

ZZ ^ 'I '''' ""'^ -P'-ed by a 

302 to n kT " ''''''''' -PP'y 

302 to the cell wh.,e a vacuum was pulled on the outer vacuum l.ne 302 

o remove vola.. , zed potassium metal at 400 ^C. The cell was then cooled 
and opened. About 75 grams of blue crystals were observed to have 
lormed in the bottom of the cell. 

ToF-SlM.q Characn-riyatim. 

doublo-stded adhestve tape and characteri^ed using a Physical Electronics 
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TFS-2000 ToF-SIMS instrument. The primary ion gun utilized n -C.' 
liquid meal source. In order ,o remove surface contamiaants and expose 
a fresh surface, the samples- were sputter cleaned for 30 seconds using a 
4 0^,,. X I0t.ru raster. The aper.urc setting was 3. and the ion current 
was 600 pA resulting in a total ion dose of 10" ionsUw' 

During acquisition, the ion gun was operated using a bunched (pulse 
width 4 ns bunched to I ns) 15 kV beam IMicrosc. Microanal 
Micros.ruc... Vol. 3. 1. (1992); For recent specifications sec PHI Trifl II 
loF-SlMS Technjcal Brochure. Eden Prairie. MN 55344J The total ion 
dose was 10- ions J an\ Charge neutralization was active, and the post 

7^T\"\T7" IV^.^ '■'"•^ ^'^^^^^ ^" sample 

of (12/„») . (l8//,n) , and {25/i,„)'.wcrc analyzed. The positive and negativl 

SIMS spectra were acquired. Representative post sputtering data is 

reported. 

XPS Characterization 

A series of XPS analyses were made on the crystalline samples 
using a Scicnta 300 XPS Spectrometer. The fixed analyzer transmission 
mode and the sweep acquisition mode were used. The step energy in the 
survey scan- was 0.5 .V. and the step energy i„ the high resolution scan 
was 0.15 eV. In the survey scan, the time per step was 0.4 seconds, and 
the number of sweeps was 4. In the high resolution scan, the time per 
step was 03 seconds, and the number of sweeps was 30. CU at 284.5 «V 
was used as the internal standard. 



NMR Sp ectrosrnp y 

7/ MAS NMR was performed on the blue crystals. The data were 
recorded on a Brukcr DSX.400 spectrometer at 40O13 MHz Samples 
were packed in zirconia rotors and scaled with airtight O-ring caps under 
an inert atmosphere. The MAS freqtiency was 4.5 kHz. During data 
. acquisition, the sweep width was 60.06 kHz; the dwell time was 8.325 ^scc 
and the acquisition time was 0.03415 sec/scan. The number of scans was 
typically 32 or 64. Chemical shifts were referenced to external 
tetramethylsilane (TMS). The reference comprised KH (Aldrich Chemical 
3 5 Company 99%). 
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J MAS NMR was performed on the blue crystals. The da.n were 
recorded o„ a Uruker DSX-^OO spectrometer a. ,8 67 MH. S^rZeT 
packed .„ z.rco„. rotors and sealed .i.h nir.ig.u O-rircaps u^ ar" 
.ner. atmosphere. The MAS frequency was 4.5 kHz. Dur nTdaTa 
acq«.smon. the sweep width was .25 kHz; the dwell ti.ne was To, sec 
and the acquisition ,in,e v,as 0.OJ643 sec/scan. The nun^ber of scans 'wa. 
96. Chenncal shtfts were referenced to external KBr (Aldrich Chenl,. 
Company 99.99%). References comprised (Aldrich circaf Com 
99.99%) and KH (Aldrich Chemical Company 99%). 

FTIR S pectroscp py 

Samples were transferred to an infrared tran^mhfin- u 
anfllv7/-rf rrriD '"^rarca transmitting substrate and 

analyzed by FTIR spectroscopy using a Nicolet Magna 550 FTIR 
Spec.rome.cr with a NicP.an FTIR m.croscope. The number of scans was 
250 for bo.h ,he sample and background. The resoluuon was 8oio cm " 
A dry air purge was applied. • 

The data was obtained on a Mariner ESI TOF systcnTn^;7;;;i;r7 
standard electrospray interface. The samples were submitted v.. a 
synngc injection system (250;,/) with a flow rate of 5.0;./!^! L 
solvent was wa.er/ethano. (,:l). A reference comprised KI (Aldrich 
Chemical Company 99.99%). 

L^q^id-Chroma^np rap t^Y /^f ^ss-Spprtr/^c^^ ov n r/M^y 

Reverse phase partition chromatography was performed with PP 

150 X 2 mm (Columbus 100 A Serial #207679). 31 1 mg of blue 
crystals were dissolved in 6.2 ml solvent of 90% HPLC water and 10% 
"Led uT " ' '^-cemra.ion of 5 mg/ml. The sample was 

eluted ustng a grad.en. technique with ,he eluen.s of a solution A (wa.er 
^ 5 mM ammonium acetate + l% formic acid) and a solution B 
a—eM . (90/10) . 5 mM ammonium acetate . 0.1% formic 
acid). The gradient profile was: 
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Time (min.): 0 3 1 8 27 28 30 
'^"^ i 00 100 0 0 100 Stop 

0 0 100 100 0 Scop 

The now .ate was 1 .n./m,„. The .njec.ion volume was 1 The pump 
pressure was 110 PSI. ' 

A turbo elcctrospray ionization (BSI) and iriplc-quadrapole mass 
spectrometer was used. The turbo ESI converts the mob.lc pi.se to 
f.ne m.s. of .ons. These ions arc then separated according ,0 .nass in . 
quadrapoie radio frequency electric field. LC/MS provides iafo'rmation 
cotnpnstng I.) .he solute polar.ty based o„ the retention t.mc 2 ) 
quantitafvc information comprising the concentration based on the 
chromatogram peak area, and 3.) compound identification based on the 
mass spectrum or mass to charge ratio of a peak. The mass spectroscopy 
•node was pos.t.vc. The sciected .on mass ,0 charge rat.os (SIM) Zl 
m/e = 39.0. 204.8, 370.6. 536.8. and 702.6. The dwel, t.me was .00 L 
and the pause was 2 ms. The turbo gas was 8 Ly,nm (25 PSI) 

The controls comprised K, (Aldrich Chemical Company 99.99%) and 
sample solvent alone. ' 

Elementa l Aiialy« :f<: 

Elemental analysis was performed by Galbraith Laboratories. Inc 
KnoxvUle. TN. Potassium was determined by Inductively Coupled Plasma 
us.„g an ICP Optima 3000 Iodide was determined vo.letrically b 
K^ometnc utratroo with thiosulfate. The l,ydroge„ was determined by a 
Perkin-Elmer Elemental Analyter (#240) using ASTM D-5291 method 
wherein the sample was combusted in . a tube furnace al 950 "C and the 

ZhI r ' conductivity detector. The sample was 

handled in an men atmosphere. 

Thenpal Dccpmposttinn with /^mlyoj ^ hy Gas Chrn..o.»p ..p..^. 

The gas cell sample comprised deep blue crystals thai changed to 
whue crystals upon exposure to air over about a two week period 0 5 
grams of the sample was placed in a thermal decomposition reactor " 
under an argon atmosphere. The reactor comprised a 1/4" OD by 3" lone 
quartr tube that was sealed at one end and connected at the open end 
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witli SwagelockTM fittings to a T. One end of »l,c T was connected to a 
lieedlc valve and a Welch Duo Seal model 1402 mechanical vacuum 
pump. The other end was atiachcd to a scpiuji* pen. The apparatus was 
evacuated to between 25 and 50 millitorr. Tlic needle valve was closed 
5 10 form a gas light reactor. The sample was heated in the evacuated 
quartz chamber containing ihe sample with an external Nichrome wire 
heater using a Variac transformer. The sample was heated to above 600 
°C by varying the transformer voltage supplied to the Nichrome heater 
until the sample melted and the blue color disappeared. Gas released 

10 from the sample was collected with a 500 pi gas tight syringe through the 
septum port and immediately injected into the gas chromatograph. The 
reactor was cooled to room temperature, and a mixture of white and 
orange crystalline solid remained. 

Gas samples were analyzed with a Hewlett Packard 5890 Series II 

1 5 gas chromatograph equipped with a thermal conductivity detector and a 
60 meter, 0.32 mm ID fused silica f<i- Alumina capillary PLOT column 
(Resiek, Bcllefontc, PA). The column was conditioned at 200** C for 18-72 
hours before each series of runs. Samples were run at -196° C using Ne 
as the carrier gas. The 60 meter column was run with the carrier gas at 

20 3.4 psi with the following flow rates: carrier - 2.0 ml/min. auxiliary - 3.4 
ml/min, and reference - 3.5 ml/min. for a total flow rate of 8.9 ml/min. 
The split rate was 10.0 ml/min. 

The control hydrogen gas was ultrahigh purity (MG Industries). 
Control Kl (Aldrich Chemical Company ACS grade. 99+%.) was also treated 

25 by the same method as the blue crystals. 

Thermal f>e composition with Analysis hy Mass Spectroscop y 

Mass spectroscopy was performed on the gases released from the 

thermal decomposition of the blue crystals. One end of a 4 mm ID fritted 
30 capillary lube containing about 5 mg of sample was sealed with a 0.25 in. 

Swagelock union and plug (Swagclock Co.. Solon. OH). Tlie other end was 

connected directly to the sampling port of a Dycor System 1000 

Quadrapole Mass Spectrometer (Model D200MP. Ametek, Inc.. Pittsburgh. 

PA with a HOVAC Dri-2 Turbo 60 Vacuum System). The capillary was 
35 healed with a Nichrome wire heater wrapped around the capillary. The 

mass spectrum was obtained at the ionization energy of 70 eV and 30 eV 
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1 5 



at different sample lemperaiurcs in ihe region »./c = 0-5(). WiU, the 
detection of hydrogen indicated by a ,nle^2 peak, the in.ensi.y as a 
function of time for masses m/e=|. ,„/^ = 2. ,„/e = 4 and mlc = 5 was 
obtained while changing the ionization potential (IP) of the mass 
spectrometer from 30 eV lo 70 eV. 

The control hydrogen gas was ultrahigh purity (MG Industries). 

RESULTS AND DISCUSSION 
ToF-SIMS 

The positive ToF-SIMS spectrum obtained from the blue crystals is 
shown in FIGURE lOS. The positive ion spectrum of the blue crystals and 
that of the Kl control are dominated by the K' ion. The comparison of 
the positive ToF-SIMS spectrum of the Kl control whh the blue crystals 
demonstrates that the ^K' peak of ihe blue crystals may saturate the 
detector and give rise to a peak that is atypical of the natural abundance 
of k. The natural abundance of '^K is 6.7%; whereas, the observed »K 
abundance from the blue crystals is 73%. The high resolution mass 
assagnment of the «/^ = 4, peak of the blue crystals was consistent wi.h 
K, and no peak was observed at =42.98 ruling out «kh; Moreover 
the natural abundance of »K was observed in the positive ToF-SlMS 
spectra of KHCO,, KNO,. and Kl standards that were obtained with an ion 
current such that the peak intensity was an order of magnitude 
higher than that given for the blue crystals. The saturation of the '"k 
peak of the positive ToF-SIMS spectrum by ,he blue crystals is indicative 
of a unique crystalline matrix {Practical Surface Analysis, 2nd Edition 
Vo umc 2. Ion and Neutral Spectroscopy. D. Briggs. M. P. Scab (Editors) 
Wiley & Sons, New York. (1992)). 

A K'' ion was only observed in the positive ion spectrum of the 
blue crystals. Ga' ../z = 69. mU^n, Ki^KCl)' „./e=(n3). r mU^ni 
Kl m/^ = i66. and a series of positive ions KlKll m/z = (39+166n) are also 
observed. 

The negative ion ToF-SIMS of the blue crystals shown in FIGURE 
106 was dominated by H' and /" peaks of about equal intensity. Iod.de 
alone dominated the negative ion ToF-SIMS of the Kl control. For both 

'"n.T' ^" r'' = "' ^' = a series of negative 

•ons liKll mU = {in+i66n) are also observed negative 
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XPS 

A survey spectrum was obtained over the region £^ = 0 eVio 1200 cV. 
The primary element peaks allowed for ihe determination of all of the 
elemenis present in the blue crystals and the control Kl. The survey 
spectrum also detected shifts in the binding energies of the elements 
which had implications to the identity of (he compound containing the 
elements. 

The XPS survey scan of the blue crystals is shown in FIGURE. 107. 
C\s at 284.5 «V was used as the internal standard for the blue crystals 
and the control KI . The major species present in the blue crystals and 
the control are potassium and iodide. Trace small amounts of carbonate 
carbon and oxygen were also ideniified in the blue crystals. The K^p 
and K 3j peaks of the blue crystals were shifted relative to those of the 
15 control Kl. The K^p and K^is of the blue crystals occurred at 17 cV and 
33 cV, respectively. The KZp and K2s of the control KI occurred at 17.5 
cV and 33.5 eV. respectively. Hydrogen is the only element which does 
not have primary clement peaks; thus, it is the only candidate to produce 
the shifted peaks. 

2 0 No elements were present in the survey scan which could be 

assigned to peaks in the low binding energy region with the exception of 
the K-ip and Kls peaks at 17 eV and 33 eV. respectively, the Ols at 23 
eV. and the 1 5s, I4d^„ and /4d,„ peaks at 12.7 cV. 51 eV, and 53 eV. 
respectively. Accordingly, any other peaks in this region must be due to 

2 5 novel species. The 0-100 eV binding energy region of a high resolution 

XPS spectrum of the blue crystals is shown in FIGURE 108. The 0-100 eV 
binding energy region of a high resolution XPS spectrum of the control W 
is shown in FIGURE 109. The XPS spectrum of the blue crystals differs 
from that of Kf by having additional features at 9.1 eV and 11.1 eV. The 

3 0 XPS peaks centered at 9.0 eV and 11. 1 cV that do not correspond to any 

other primary element peaks may correspond to the 
//-(« = 1/4) £, = n.2eV hydride ion predicted by Mills [R. Mills. The Grand 
Unified Theory of Classical Quantum Mechanics, January 1999 Edition. 
BlackLight Power, Inc.. Cranbury, New Jersey. Distributed by 
3 5 Amazon.coml (Eq. (89)) in two different chemical environments where E, 
is the predicted vacuum binding energy. In this case, the reaction to 
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form //-(« = 1/4) is given by Eqs. (82-84) and Eq. (88). The hydride ion 
//-(« = 1/2) £; =3.05 cK may also be presem in ihe XPS of ihe blue crystals 
under the valance peak ai about 3.5 eV. The reaction to form H {„^,in) 
is given by Eqs. (85-87) and Kq. (88). Studies to remove iodide followed 
5 by XPS are in progress. 



15 



20 



NMR 

The V/ MAS NMR spectra of (he control KH and the blue crystals 
relative to external tctramethylsilane (TMS) are shown in FIGURE 110 
10 and FIGURE 111. respectively. Three distinguishable resonances at 3.65. 
0.13 and -0.26 ppm. respectively, were found in the NMR of KH . The 
broad 3.65 ppm peak of KH is assigned to KOH formed from air exposure 
during sample handling. The peaks at 0.13 and -0.26 ppm are assigned 
to hydride H in different chemical environments. 

Three distinguishable resonances at 0.081. -0.376 and -1.209 ppm. 
respectively, were found in the NMR of t.be blue crystals. A fourth very' 
broad resonance may be present at -2.5 ppm. The peaks ai 0.081 and 
-0.376 ppm are within the range of KH and may be ordinary hydride H 
in two different chemical enviromnents thai arc distinct from those of 
the control KH . The resonances at -1.209 ppm and possibly at -2.5 ppm 
may be due lo novel hydride ions. 

The color of the blue crystals was. found to change to white over 2 
weeks of exposure to air. The color-fadc rate was greatly increased upon 
gnnding the blue crystal into a fine powder. A dynamic 'H NMR study 
following the possible oxidation or hydrolysis of the blue crystals when 
exposed to air is shown in FIGURES 112-115. The '// MAS NMR spectra 
from ground blue crystals relative to external tctramethylsilane (TMS) 
following air exposure times of 1 minute. 20 minutes. 40 minutes, and 60 
minutes are shown in FIGURES 112-115. Downfield 'H resonances shifted 
3 0 gradually to 3.861 and 4.444 ppm and then to 5.789. UpHeld resonances 
shifted to 1.157 ppm. as the exposure to air was prolonged and the blue 
color concomitantly faded lo while. The peak at 5.789 may be do to H of 
KOH in a chemical environment that is different from that of KOH 
formed by air exposure of KH. Since the downfield shift of the peak at 
5.789 is substantially different from that observed for the control KH . 
3.65 ppni. it may be due to KOH or a compound comprising KON wherein 
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H is increased binding energy hydrogen. The resonance ai 1.157 
comprises ai lens( iwo peaks, one of which has a very broad upfield 
feature. These peaks may be novel hydride ions which are stable in air. 
In this case ihe chemical environmcni is different from thai of the blue 

5 crystals which showed potential novel hydride peaks ai -1.209 ppm and 
possibly at -2.5 pprn. These observaiions strongly suggesi that the H 
species in the blue crystals arc new hydride species and may be 
responsible for the blue color. Decoupling studies are in progress to 
resolve the broad features of the blue crystal spectrum. 

0 The ''K MAS NMR spectra of KH, Kl. and the blue crystals each 

showed a single resonance at 64.56, 52.71. and 53.32 ppm respectively. 
It is clear that the K local structure in the blue crystals resembles that ii 
Ki. 



1 5 FTIR 

The FllR spectra of Ki (99.99%) was compared vvith that of the 
blue crystals. The FTIR spectra ( 45- 3800 c/;r') of KI is given by Nyquist 
and Kagel (R. A. Nyquist and R. O. Kagel, infrared Spectra of Inorganic 
Compounds, Academic Press, New York, (1971), pp. 464-465]. The FTIR 

2 0 spectra { 500 - 4000 cm" ' ) of (he blue crystals is shown in FIGURE 116. 

There are no vibrational bands in the 800 -4000 cm * region that can 
usually be assigned to covalem bondings. This eliminates the possibility 
of Hi molecule embedded in KI crystals, since the IM stretching mode is 
not observed at --2309 cnr\ The FTIR spectra ( 500 - 1500 c/^r') of the blue 

2 5 crystals is shown in FIGURE 117. Several bands shown in FIGURE 117 

such as 682. 712, 730 cm'' arc found in the region assignable to ionic 
bonding or deformation vibration. The K-H vibrational band may be 
expected in this region. These bands are not present in pure KI. This 
implies that the compound of the blue crystals is ionic-like and contains 

3 0 different species from KL 

The positive ion ESITOFMS spectrum of the blue crystals and that of 
the K! control are dominated by the K* ion. A series of positive ions 
3 5 K[Kf]\ m/e = (39^166«) were also observed. In addition, KHr was only 
observed from the blue crystals. 
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LC/MS 



No chromatographic peaks were observed of the Selected Ion- 
Monitoring LC/MS analysis of K, control and sample solvent alone 
control. 

FIGURB 118 is .be results of the Selected Ion Monitoring LC/MS 
analysts of the blue crystals wherein the n,ass spectrum con^prised the 
mlz^lO^.C ,on signal. A chromatographic peak was observed at 
ftr-. 22.45 .nin. which corresponds to a nonpolar compound which gives 
r.se to a KiK!)' mass fragment. The LC peak shown i„ FIGURE 118 It 
«r=2.21 m.n. that comes out with the solvent front after inieclion 
corresponds to K, that gives rise to mass fragments A" and 

HGURE 119 is the results of the Selected Ion Monitoring LC/MS 
analysis of the blue crystals wherein the ..ass spectru.n comprised the 

= 307.6 ton s.gnal Chromatographic peaks were observed at 
/a = 11..2 .n.n. and /?7 =2?.38 min. which correspond to a nonpolar 
compooncis hav,„g ,hc ^1)^ mass spectrum fragment. The LC peak 
shown m FIGURE 119 at /fr = 2.2, min. that comes out with the solvent 
2 0 ^"l„d i;;of ''""^'""'^ " '"^^^ fragments 
The LC/MS data indicated that the blue crystal comprises a novel 
compound A'/// which may contain two different hydride ions which gives 
nsc to different mass fragmentation patterns. One KW co„,pound with a 
^..nt.on t.me of «r=n.42 nun. may give rise to a K^KI)', n,ass fragment 
Whereas, a second KHl compound with a retention of about CT=23 min 
may g.ve r.se to a Km and a K{KI)\ mass fragment. 

Gas Chrop[)atnp|-^phy 

The gas chromatograph of the normal hydrogen gave the retention 
time for para hydrogen and ortho hydrogen as 22 minutes and 24 
m.nutcs. respectively. Control Kl and Kl exposed to 500 mtorr of 
hydrogen at 600 'C in the stainless steel reactor for 48 hours showed no 
hydrogen release upon heating to above 600 °C with complete melUng of 
the crystals. Dihydrino or hydrogen was released when the blue crystals 
were heated to above 600 «C with melting which coincided with the loss 
of the dark blue color of these crystals. The gas chromatograph of the 
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dihydrino or hydrogen released from the blue crystals when the sample 
was heated lo above 600 with mciling is shown in FIGURE 120. In 
previous studies [R. Mills. "NOVEL HYDRIDE COMPOUNDS", PCT 
US98/I4029 filed on July 7. !998), it was found thai hydrogen must be 

5 present wiih dihydrino 2c'-^J lo identify the latter since the 

migration times arc close. But, these results confirm that the blue 
crystals are a hydride. 

Mass Spectroscop y 

I 0 The dihydrino was identified by mass spectroscopy as a species 

with a mass to charge ratio of two (m/c = 2) that has a higher ionization 
potential than that of normal hydrogen by recording the ion current as a 
function of the electron gun energy. The intensity as a function of time 
for masses m/ e=\, m/ €^2, and w/<' = 3 obtained while changing the 

1 5 ionization potential (IP) of the mass spectrometer from 30 cV to 70 eV is 

shown for gas released from thermal decomposition of the blue crystals 
and uUrapure hydrogen in FIGURE 121 and FIGURE 122, respectively. 
Upon increasing the ionization potential from 30 cV to 70 eV, typically 
the mie-2 ion current for the blue crystal sample increased by a factor 

2 0 of about 1000. Under the same pressure conditions^ the m/e = 2 ion 

current for the ultrapurc hydrogen increased by a factor of less than 2. 

The mass spectra of the gases released from the 

thermal decomposition of the blue crystals at an ionitation potential of 30 
eV and 70 eV were recorded. As the ionization energy was increased 
25 from 30 cV to 70 cV a m/^r = 4 and a mie^S peak were observed that was 
assigned to //;(l/2) and H;{iny, respectively. No helium was observed by 
gas chromatography as given above in gas chromatography section. The 
peaks serve as a signatures for the presence of dihydrino molecules. 

3 0 Eifiment^f Apalysis 

The quantitative elemental analysis shows that the blue crystal 
consists of 0.5 wt% H. 22.58 wt% K and 75.40 wi% I, or in equivalent 
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DISCUSSION 

The clemenlal analysis and the positive and negative ToF-SIMS 
results of the blue crystals arc consistent with the proposed structure 
KlU. The NMR data and .he XPS data indicate that two form forms of 
hydnde were observed. The compounds Kl and KH are known wherein 
the potassium ion is in a +1 stale. The structure KW is unknown and 
extraordinary. The implied valance of potassium is 2+. A peak was 
ob..erved in the positive ToF-SlMS which supports 2+ as the valance 
state Htgh resolution solids probe magnetic sector mass spectroscopy is 
m progress to confirm this state. The preliminary results are positive 

Another unusual feature of the blue crystals is its intense dark blue 
color. Potassium metal my be embedded in Kl crystals, in which 
potassium metal ionizes into r and a free electron. This capped free 
electron may give rise to blue color of the crystals. Therefore, a liquid 
ammonia solvation experiment was designed to test if there is any K 
metal entrapped in the crystals. Alkali metals are readily soluble in 
liquid ammonia to give bright blue solutions. In such solutions, the alkali 
meia! .on.zcs to give a cation and a quasi-free electron. The free 
7 0 f*'''''^" distributed over a cavity in ,he solvent of radius 300-340 pm 
20 formed by displacement of 2-3 NH, molecules. This species has a brofd 
absorption band extending into the infrared with a maximum of -1500nm 
t .s the short wavelength tail of this band which gives rise to the deep- 
blue color of the solution. 

The blue crystals were dissolved in liquid ammonia. However the 
solvation of the blue crystals in liquid ammonia did not produce a blue 
colored solution. Instead, the blue crystals dissolved with the solution 
remainrng clear.. White crystals were recovered ^fter the evaporation of 
the ammoma. This experiment eliminates the possibility of K metal as 
color center in the blue crystals. 

Potassium metal reacts slowly with ethanol to release hydrogen gas 
The blue crystals were dissolved in anhydrous ethanol. i4o gas evolved 
and the solution remained clear. This result indicates that the blue color 
of the crystals may not be due to an impurity, e.g.. color center, such as K 
metal in Kl crystal, smcc no hydrogen gas was produced. This 
experiment also eliminates U,e possibility of K metal as color center in 
the blue crystals. 
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The biue crystals appear to be an integrated, single compound 
wherein large amounts of uniform crystals can be prepared. The blue 
color may be due to the 407 mn continuum of /i"(|/2) as given by Eq. (89). 
The thermal decomposition with a release of a hydrogen-type molecule 
5 resulted in the loss of the blue color. Thus, the blue color is dependent on 
the presence of the // of KHi . The presence of some H'{[/2) is indicated 
by the thermal decomposition with the identification of a hydrogen-type 
molecule assigned to //2|^2c*= with an ionization potential of 62 eV (Eq. 

(92)). Emission spectroscopy with excitation by a plasma source is in 
10 progress to determine the presence of //^(l/2) emission. 

When the blue crystals were pulverized or exposed to air for a 
prolong period of the order of two weeks the blue faded and white 
crystals remained. Investigations of the air reaction products are in 
progress preliminary data indicates that the product is a hydride 

1 5 containing carbon dioxide, oxygen, and water derived species. For 

example, the positive ToF-SJMS of the air exposed crystals contained 
three new series of positive ions: { K[KIi KHCO^]^ w/z = (39 + 140n). 
K,OH[KH KHCO^][ w/z-(95 + N0n). and K,C{KH KHCO^]] m/ ? = (133+ HOn)). 
These ions correspond to inorganic clusters containing novel hydride 

2 0 combinations (i.e. KlI KHCO^ units plus other positive fragments). The 

negative ion spectrum was dominated by O" and OH' peaks as well as H' 
and /" peaks. A KHIC^ peak was present only in the negative spectrum 
of the air exposed blue crystals and not in the spectrum of air exposed KI 
control. 

25 

00N(XUSlON 

The ToF SIMS, XPS, NMR, FTIR. ESITOFMS, LC/MS, thermal 

decomposition with analysis by GC, and MS, and elemental analysis 
results confirm the identification of KHI having hydride ions. Two forms 

3 0 of hydride ion may be formed according to- Eqs. (84), (87), and (88) which 

is supported by the XPS, NMR, and LC/MS data. The thermal 
decomposition with mass spectroscopic analysis indicates thai at leasl 
// (1/2) is present in KH! which may be responsible for the blue color. 
The chemical structure and properties of this compound having a hydride 
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ion wiih a high binding energy are indicative of a new field of hydride 
chemislry. The novel hydride ion may combine with other cations such 
as. other alkali cations and alkaline earth, rare earth, and transition 
clement cations. Numerous novel compounds may be synthesized with 
extraordinary properties relative to the corresponding compounds having 
ordinary hydride ions. These novel compounds may have a breath of 
applications. 
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I,. A compound comprising 

(a) al leasi one neutrai, positive, or negative increased binding 
5 energy hydrogen species having a binding energy 

(i) greater than ihe binding energy of ihe corresponding 
ordinary hydrogen species, or 

(ii) greater than ihe binding energy of any hydrogen species 
for which the corresponding ordinary hydrogen species is unstable or is 

1 0 not observed because the ordinary hydrogen species' binding energy is 
less than thermal energies at ambient conditions, or is negative; and 

(b) at least one other element. 

2- A compound of claim I wherein the increased binding energy ^ 
1 5 hydrogen species is selected from the group consisting of H^, ir, and 
where n is a positive integer, with the proviso that n is greater than I 
when H has a positive charge. 

3. A compound of claim 1 wherein the increased binding energy 
20 hydrogen species is selected from the group consisting of (a) hydride ion 
having a binding energy that is greater than the binding of ordinary 
hydride ion {about 0.8 eV) for p = 2 up to 23 in which the binding energy 
is represented by 



Binding Energy = 




2 5 where p is an integer greater than one, 5= 1/2. ;r is pi, h is Planck's 

constant bar, /i^ is the permeability of vacuum, is the mass of the 
electron, is the reduced electron mass, is the Bohr radius, and e is 
the elementary charge; (b) hydrogen atom having a binding energy 
greater than about 13.6 cV; (c) hydrogen molecule having a first binding 

3 0 energy greater than about 15,5 eV; and (d) molecular hydrogen ion 

having a binding energy greater than about 16.4 eV, 
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4. A compound of claim 3 wherein <hc increased binding encrpy 
hydrogen species .s a hydride ion having 3 binding energy ;f abou. 3 0 
6.6. 11.2. 16.7. 22.8. 29.3. 36.1. 42.8. 49.4. 55.5. 61.0. 65 6 69 2 71 5 
72.4, 71.5. 68.8. 64.0. 56.8. 47.1. 34.6. 19.2. or 0.65 cV. ' ' 

5. A compound of claim 4 wherein the increased binding enerpy 
hydrogen species is h hydride ion having the binding energy: 



Binding Energy = f>\l^(s+l) 



where /, ,s an integer greater than one. 1/2. ;r is pi. /, is Pbncks 
constant bar. is the permeability of vacmn,. „, is the mass of the 
electron, ,s the reduced electron mass. is the Bohr radius, and c is 
ihc elementary charge. 

6. A compound of claim 1 wherein the increased binding energy 
hydrogen species is selected from (he group consisting of 

(a) a hydrogen atom having a binding energy of about IMll^ 



where p is an integer. 

(b3 an increased binding energy hydride ion (W) having a binding 



energy of about ^i'V^C^+l) 



8/i,«« 



1 + VI(7 



\ + ~ 



2' 



where 



^ = 1/2. ;r is pi. is Planck's constant bar. is the permeability of 
vacuum^ is the mass of the electron. .s the reduced electron mass, a 
•s the Bohr radius, and c is the clen>entary charge; 

(c) an increased binding energy hydrogen species «;(l/p); 

(d) an increased binding energy hydrogen species Irihydrino 
molecular ion. n;(M p), having a binding energy of about where p 

IS an integer. 
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(c) an increased binding energy hydro<:cn molecule havuig ^ 
binding energy of about -ill cV ; and 

(0 an increased binding energy hydrogen molecular ion wiO) a 
binding energy of aboui -~ eV. 



(i) 



5 



7. A compound of claim 6 wherein p i$ from 2 lo 200. 

8. A compound of claim 1 which is <rr/-i»*.r 

pyj.^ greater than 50 aiomjc percent 

10 

9^^^ A compound of claim « which is greater than 90 atomic percent 

\\. A compound of claim I whcr<.in said increased binding energy 
hydrogen species is negative. 

20 12. A compound of claim 11 comprising at least one cation. 

13_ A compound of claim 12 wherein the cation is a proton. /,;. 

2 5 14^ A compound of claim 1 wherein the other element is an ordinary 

hydrogen atom or an ordinary hydrogen molecule. 

15. A compound of claim 1 having a formula \UKKCO,\ wherein m and 

3 0 IT ^^""^ ^°'"Po»"<' <=ontains at least one' W. and the 
3 0 hydrogen content of the compound comprises at least ou. said 

increased binding energy hydrogen species. 
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16. A compound of claim I having a formula [KltKmX' n'X- wherein 
m m-^ n and n" are each an integer. X is a singly negative' charged anion 
.he compound con.ams at leas, one «. a„J ,he hydrogen con.en, // of 

5 .he compound comprises at leas, one said increased binding encrRv" 
hydrogen species. 

17. A compound of claim I having a formula [KHKNO,] wherein n is an 
integer, and ,he hydrogen content // of the compound comprises at leas, 

10 one said increased binding energy hydrogen species. 

18- A compound of claim 1 having a formula [KHKOH] wherein n is an 
integer and the hydrogen content // of the compound comprises at leas, 
one said increased binding energy hydrogen species. 

19. A compound of claim I having a formula [MH,^ X] wherein m and 
n are each an integer. M and M' are each an alkali or alkaline earth 
cation. X .s a singly or doubly negative charged anion, the ccnpound 
contains a, least one H, and the hydrogen content //, of the compotmd 
comprises a, least one said increased binding energy hydrogen species. 

20. A compound of claim I having a formula [WZ/^Arr];'^ nX' wherein 
m. m'. n. and n' are each an integer. M and M' arc each an alkali or 
alkaline earth cation. X and X' are a singly or doubly negative charged 

TZ'f ?r ''"d ^y^^'ogcn content 

//„ of the compound comprises at least one said increased binding energy 
hydrogen species. 

21. A compound of claim I having a formula {MH^Af r]"'- riM'* 
wherein m. m\ n. and n' are each an integer. M. M'."and M" are each an 
alkali or alkaline earth cation. X and X" are each a singly negative charged 
anion the compound contains at least one tl, and the hydrogen content 

of the compound comprises at least one increased binding energy 
hydrogen species. 



20 



25 



30 



35 
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22. A compound of claim I having a formula [m//^]"* n wherein m. 
m". n. and n' arc each an inicgcr. M is alkali or alkaline earth, orgamc. 
organomctalic. inorganic, or ammonium cation. X is a singly or doubly 
negative charged anion, the compound contains at least one H. and the 

5 hydrogen content //„. of the compound comprises at least one increased 
binding energy hydrogen species. 

23. A compound of claim 1 having a formula „ Af * wherein m. 
m'. n. and n' arc each an integer. M and M' arc an alkali or alkaline earth. 

10 organic, organomctalic. inorganic, or ammonium cation, the compound 
contains at least one li, and the hydrogen content of the compound 
comprises at least one increased binding energy hydrogen species. 

24. A compound of claim 1 having a formula M(W,„)^ wherein n is an 
inicger. M is other elcmcm such as any atom, molecule, or compound, and 
the hydrogen content {H,,l of the compound comprises at least one 
increased binding energy hydrogen species. 

25. A compound of claim I having a formula M{H,,)^ wherein n is an 
20 integer. M is an increased binding energy hydrogen compound, and the 

hydrogen content {H„\ of the compound comprises at least one increased 
binding energy hydrogen species. 

26. A compound of claim 1 having a formula M*{lQ] wherein n is an 

2 5 integer, M is other clement such as an alkali, organic, organometalic. 

inorganic, or ammonium cation, and the hydrogen content (tf,^)' of the 

compound comprises at least one increased binding energy hydrogen 
species. 

3 0 27. A compound of claim 1 having a formula wherein n is an 

integer. M is an increased binding energy hydrogen compound, and the 
hydrogen content (//„); of the compound comprises at least one increased 
binding energy hydrogen species. 
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28. A compound of claim 1 having a formula wherein n is an 

integer, M is oiher element such as any aiom. molecule, or compound, and 
ihc hydrogen conient of the compound comprises at least one 

increased binding energy hydrogen species. 

29. A compound of claim I having a formula M{H^f)^ wherein n is an 

integer, M is an increased binding energy hydrogen compound, and ihe 
hydrogen content of the compound comprises ai least one increased 

binding energy hydrogen species. 

30. A compound of claim I having a formula Af(WjJ^ wherein n is an 

integer, M is other element such as any atom, molecule, or compound, and 
the hydrogen content of ^1^^ compound comprises at least one 

increased binding energy hydrogen species. 

31. A compound of claim 1 having a formula wherein n is an 

integer, M is an increased binding energy hydrogen compound, and the 
hydrogen conieni (//^J^ of the compound comprises at least one increased 

binding energy hydrogen species. 

32. A compound of claim I having a formula Af(//^)^ wherein n is an 

integer, M is other element such as any atom, molecule, or compound, and 
the hydrogen content (W^)^ of the compound comprises at least one 

increased binding energy hydrogen species. 

33. A compound of claim 1 having a formula M{Hf^\ wherein n is an 

integer. M is an increased binding energy hydrogen compound, and the 
hydrogen content {H^)^ of the compound comprises at least one increased 

binding energy hydrogen species. 

34. A compound of claim 1 having a formula wherein n is an 

integer, M is other element such as any atom, molecule, or compound, and 
the hydrogen content (Wto), of the compound comprises at least one 

increased binding energy hydrogen species. 
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35. A compound of claim 1 having a formula M(I^j^]^ wherein n is an 
integer, M is an increased binding energy hydrogen compound, and the 
hydrogen content {W^^), of compound comprises at least one increased 
binding energy hydrogen species. 

5 

36. A compound of claim 1 having a formula Mw.o)^!^/,^^//^)^/^^) (f/^) 
wherein q, s, t, and u arc each an integer including zero but not all zero, 
M is other element such as any atotn, molecule, or compound, and the 
hydrogen content {W.,)^(//,JX^^*},(/^«)U^>oK ^h<^ compound comprises at 

1 0 leasi one increased binding energy hydrogen species. 

37. A compound of claim I having a formula W(^/,o),(^A6),(^Aj,(^«>),(^^o).. 
wherein q, r, s. and i are each an integer including zero but not all zero» M 
is an increased binding energy hydrogen compound, and the hydrogen 

1 5 content (W,,)^(/f,,),(f/,J^(/f^),(W,oX ^he compound comprises at lca<;t one 

increased binding energy hydrogen species. 

38. A compound of claim 1 having a formula MX wherein M is positive, 
neutral, or negative and is selected from the list of W.^, z/.^//. //„//„. 

20 OH,,. 0H„, Oli,„ MgH, W„. NaH, «„. //„«,0. CNH„. CH„, SiH,H^^, (H^),//,,. 
•J'«.(«.6),. (Wu)., //,„, Si,H,H,,, {SiH,\H,,, SiH,{H,,l. CW„. NHH^. 

H,ONH,,, Hfi,H„, S-hH,{U„\, Si,lU[H„\, {Si!h\U,,, (^>«»)«.»«7o. 

2 5 {pH,,)H,,H„, Si,lh,[H,,\. Si,H,„ Si,H„{H„\, 5e,//,(W„),. iSiH,\{H„\, 

NaOSiH.iH^l, NaKH H^, Si,H,{H„), 5i,/f,{«„),, 
ShH,{fQ^, (SiH,lH,„ {SilU\(lt,,\. Na,OSiH,{H,X. Si,H,{H,,l, Na,KH 

Na,HKHH„. S0{H„\{H,,), OT,(0//„ )//„//,., SO(H„\, Mg,H,HMI,^. 
(^'"^U^A*),. KH,0{H,,\H„. KH,0{n„Xli„, K{0H„)H„H„. 

3 0 K,OH NaKHO,H„, NaOHNaO, H„ . HNO, O, W„. Rb{H,,\, S;,W„//„. 

KNO,{H,,)^, KKHiH,,\, {SiH,)XH,X (K«,),{W„),H,,, 

is other 

element, and the hydrogen content H of the compound comprises at least 
one increased binding energy hydrogen. 
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39, A compound of claim I having a formula MX wherein M is positive, 
neutral, or negative and is selected from the list of H,^, H^^H, H^^H^, ^^u^^iy^ 
OH,,. OH,,. OH,,. MgH.H,,. NoH, H,^. HJifi. CNH,^, CH,^, SiHJi,^. MyK,^ 
5 SiH,{H,,\. /y,o. SW^,,. {StH.),ff^,^ SiH,{H,,\^ CH,,^ M/,,, NHH,^, 

OH,,. H.OH,,. FH^. H,OH,,. SiH.H^. Si{H,,\H,,. Si{H,,\, Si,H,{H,,\. Si,H,{H,,\^ 

siH,{H,,l. (^iV/J^f//,,),, no;/,,. 0,//,„ HONH,,, 0,H^^ 

HfiNH,,. H,0,H,,, Si,H,[H,X^ Si,H,{H,,\. (^^//.),//,.. (Si^LUH.,)^ {OH,,)H,,H,,. 
{OH,,)HJi,,. Si,H,,[U,,\. Si,H,,. Si,H,,{H,,\, Si,H,[H,,\. {Si^.)M^> 
1 0 {SiH,\{H,,l. NaOSiH,{H,,\. NaKH H,,, Si,H,(H^l Si,H,{H,,\. SiyH,,{H,,\. 

{SUi,)JI^. (SiH,UH,,\, Na,OSiH,{H,,l. Si,H,{H,,l. Na,KHH^. 
Wh[»A> ^ci.HKUH,,. SO{H,X{H,,). SH,{OH^)Hji,,. SO{H,,)^^ f^g,H,H,,H,,H,,. 
{SiH:)XH,,\. [Sm,\{H,,\. KHfi{H,,\H,,. KH,0{H,,)^H,,. K{OH,,)HJi,,. 
K.OHH,^, NcKHO,H,^, NaOHNaO, H,,. HNO,0,H^, Rb{H,,\. Si.HJi,,. 

I 5 KNO,{H,X {SiH,)^{iUr ^'^^M^A.),* (^//.),(^/.6),//>o. 

{NiH,\Ha(H,^\H,,. Si,OH,^, {SiH,l{H,,\, N<^A(SiH,\^SiH{H,^\. X is an 

increased binding energy hydrogen compound, and the hydrogen content 
H of the compound comprises at least one increased binding energy 
hydrogen. 

20 

40. A compound of claim 1 having a formula M[H^)^ wherein n is an 

imeger, x is an integer from 8 to 12, M is other element such as any atom, 
molecule, or compound, and the hydrogen content [H^)^ of the compound 

comprises at least one increased binding energy hydrogen species. 

25 

41., A compound of claim 1 having a formula A/(W,)^ wherein a is an 

integer, x is an integer from 8 to 12, M is an increased binding energy 
hydrogen compound, and the hydrogen content (//,)^ of the compound 

comprises at least one increased binding energy hydrogen species. 

30 

42. A compound of claim I having a formula Af*(//J^ wherein n is an 
integer, x is an integer from 14 to 18. M is other element such as an 
alkali, organic, organomctaUc. inorganic, or ammonium cation, and the 
hydrogen content of the compound comprises at least one increased 

3 5 binding energy hydrogen species. 
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4 3. A compound of claim 1 having a formula wherein n is an 

integer^ x is an integer from" 14 lo 18. M is an increased binding energy 
hydrogen compound, and ihe hydrogen conlcni {//J^ of the compound 
5 comprises at Jcast one increased binding energy hydrogen species. 

44. A compound of claim I having a formula M{H^)^ wherein n is an 

integer, x is an integer from 14 to 18, M is other ekmeni such as any 
atom, molecule, or compound, and the hydrogen comeni (/ij^ of the 
1 0 compound comprises at least one increased binding energy hydrogen 
species. 

4 5. A compound of claim I having a formula M{H^)^ wherein n is an 

integer, x is an integer from 14 to 18, M is an increased binding energy 

1 5 hydrogen compound, and the hydrogen content (//J^ of the compound 

comprises at least one increased binding energy hydrogen species. 

46. A compound of claim I having a formula M{H,)^ wherein n is an 

integer, x is an integer from 22 to 26, M is other element such as any 

2 0 atom, molecule, or compound, and the hydrogen content (//J^ of the 

compound comprises at least one increased binding energy hydrogen 
species. 

47. A compound of claim I having a formula wherein n is an 

2 5 integer, x is an integer from 22 to 26, M is an increased binding energy 

hydrogen compound, and the hydrogen content (/ij^ of the compound 
comprises at least one increased binding energy hydrogen species, 

48. A compound of claim 1 having a formula M{H^^ wherein n is an 

3 0 integer, x is an integer from 58 lo 62, M is other element such as any 

atom, molecule, or compound, and the hydrogen content {H\ of the 
compound comprises at least one increased binding energy hydrogen 
species. 
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49. A compound of claim I having a formula M(H^)^ wherein n is an 

integer, x is an "integer from 58 lo 62, M is an increased binding energy 
hydrogen compound, and the hydrogen conleni (//^)^ of the compound 

comprises at least one increased binding energy hydrogen species. 

5 

50. A compound of claim 1 having a formula wherein n is an 

integer, x is an integer from 68 to 72, M is other clement such as any 
aiom» molecule, or compound, and the hydrogen content (wj^ of the 

compound comprises at least one increased binding energy hydrogen 
1 0 species 

51. A compound of claim I having a formula M{H^\ wherein n is an 

integer, x is an integer from 68 to 72. M is an increased binding energy 
hydrogen compound, and the hydrogen content {//J^ of the compound 

1 5 comprises at least one increased binding energy hydrogen species. 

52. A compound of claim 1 having a formula (//^.) (/yj^ 

wherein the monomers may be arranged in any order, q, r, $, t, and u are 
each an integer including zero but not all zero, x is an integer from 8 to 
20 12, x' is an integer from 14 to 18, y is an integer from 22 to 26, y' is an 
integer from 58 to 62» z is an integer from 68 to 72, M is other element 
such as any atom, molecule, or compound, and the hydrogen content 

{//^.) {/fj^ of the compound comprises at least one increased 

binding energy hydrogen species. 

25 

53. . A compound of claim 1 having a formula ),(^,). 

wherein the monomers may be arranged in any order, q, r, s, t, and u are 
each an integer including zero but not all zero, x is an integer from 8 to 
12, X* is an integer from 14 to 18, y is an integer from 22 to 26. y* is. an 
3 0 integer from 58 lo 62. z is an integer from 68 to 72, M is an increased 
binding energy hydrogen compound, and the hydrogen content 
(''*),{'CX(^.v),(^/),('J'iX compound comprises al least one increased 

binding energy hydrogen species. 
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54. A compound of claim I having a formiita 

{KHK0H\\KH,K0H]^\KH KHCO^l\KHCOy]\K,CO^l wherein \bc monomers may 

be arranged in any order, p. q, r» s, and i are each an integer including 
zero but not alJ zero, the compound contains at least one H, and the 
5 hydrogen content H of the compound comprises at least one increased 
binding energy hydrogen. 

5 5. A compound of claim I having a formula 

[MhX" n']\^*M'H;^lKHKOH]^\KH,KOH]^\KHKHCO,]\^^^ wherein 

the monomers may be arranged in any order, n, \\\ m, m\ p, q, r, s, and t 
are each an integer including zero but not all zero, M» M\ and M" are each 
an alkali or alkaline earth, organic, orgaaomeialic, inorganic, or 

1 5 ammonium cation, X and X* are a singly or doubly negative charged anion, 

the compound contains at least one H, and the hydrogen content H of the 
compound comprises at least one increased binding energy hydrogen 
species. 

20 56, A compound of claim I having a formula 

{^^HX' «■ M'H;^[KimOn]^[KH,KOH\[KHKHCO,]^^^ 

^"(^^w),(^i6X.(^24),(^i»),^(''7o). wherein the monomers may be arranged in 

2 5 any order, n, n\ m, m\ p, q, r, s, t, q\ t\ s\ t'. and u are each an integer 

including zero but not all zero» M, M\ and M" arc each an alkali or 
alkaline eartlu organic, organomctalic, inorganic, or ammonium cation, M" 
is other element, X and X* are a singly or doubly negative charged anion, 
the compound contains at least one H, and the hydrogen content H of the 

3 0 compound comprises at least one increased binding energy hydrogen 

species. 



57. A compound of claim ! having a formula 
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[KHKOHl{MHJf Xl\Ml^„^f X-\y n X^lMlLM' )Cfy nAf-\MHX' ^' 
\MhX' " M'H;jKHKOHl[KH,KOHl[KH ^^C0X\KHC0,{\K,C0,1 
^"(^^jo),{^t6U'Aj,{^^6o)r('^o). wherein the monomers may be arranged in 
any order, n, n\ m. m\ p, q, r, $, t, q', r\ s\ x\ and u are each an integer 
5 including zero but not all zero. M, M\ and M" arc each an alkali or 

alkaline earth, organic, organometalic, inorganic, or ammonium cation, M"* 
is an increased binding energy hydrogen compound, X and X* are a singly 
or doubly negative charged anion, ihe compound contains at leas( one H, 
and the hydrogen content H of the compound comprises at least one 
1 0 increased binding energy hydrogen species, 

58. A compound of claim ! having a formula 

[KHKOHl\MHJfXl[MH^ArXl'' nX'[MHjrx]y n*Af [M//.];" r{ X' 

^''i^^Xi^A[^y)i^y)M^X wherein the monomers may be arranged in 
any order, n, n\ m, m\ p, q, r, s, t, q\ t\ s\ i\ and u are each an integer 
including zero but not all zero, x is an integer from 8 to 12. x' is an 
integer from 14 to 18. y is an integer from 22 to 26, y' is an integer from 

2 0 58 10 62. z is an integer from 68 to 72, M, M\ and M" are each an alkali or 
alkaline earth, organic, organometalic, inorganic, or ammonium cation, M'" 
is other element, X and X' are a singly or doubly negative charged anion^ 
the compound contains ai least one H, and the hydrogen content H of the 
compound comprises at least one increased binding energy hydrogen 

2 5 species. 

59. A compound of claim I having a formula 
[MH^l\MAf H^i[KH^fCCO,l[KH„KNO,]l nX'[KHKNO,l 
[KfmOHl[MH^\f Xl[MH^J^ X]y n X [MH^Af X'];;' /i* ' ^ { Af/f J"* ,i X' 

^"{^J^('A-X{'^r],(^(r'),(Wj„ wherein the monomers may be arranged in 

any order, n, n\ m. n\\ p, q, r, s, 1, q\ r\ s\ t\ and u are each an integer 

including zero but not all zero, x is an integer from 8 to 12, x' is an 

integer from 14 to 18, y is an integer fronrj 22 to 26, / is an integer from 
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58 to 62. z is an inicger from 68 \o 72. M. M\ and M^' are each an alkali or 
alkaliue earth, organic, organomeialic, inorganic, or ammonium cation, M'" 
is an increased binding energy hydrogen compound. X and X' are a singly 
or doubly negative charged anion, ihe compound contains at least one H. 
5 and the hydrogen content H of the compound comprises al least one 
increased binding energy hydrogen species. 

60. A compound of claim 1 having a formula 
\MH^i\M^^ H^Uf(H„KCO,l[KH^KNOX nX'[KHKNO,l 

Af-(//JJ/yJ(f/J{//^.){//J^ wherein the monomers may be arranged in 
any order, n, n\ m, m\ p, q, r, s, I, q\ r\ s\ i\ and u are each an integer 
including zero but not ali zero, x is an integer from 8 to 12, x* is an 

1 5 integer from 14 to 18. y is an integer from 22 to 26, y' is an integer from 

58 to 62, z is an integer from 68 to 72, and M" arc each a metal 

such as silicon, ahiminum. Group III A elements. Group IVA elements, a 
transition metal, inner transition metal, tin, boron, or a rare earth, 
lanthanide, an alkali or alkaline earth, organic, organometalic, inorganic, 
20 or ammonium cation, M'" is other element, X and X' arc a singly or doubly 
negative charged anion, the compound contains at least one H, and the 
hydrogen content H of the compound comprises at least one increased 
binding energy hydrogen species. 

2 5 6K A compound of claim 1 having a formula 

[mijX ri fif* m'h;, \khkoh]Xkh,koh\\kh khco,]{khco,\Xk}:o,1 

^"(^J^('^yU^A),{^A\(^<). wherein the monomers may be arranged in 

3 0 any order, n. u\ m, m\ p, q, r, s, t, q\ i\ s\ t\ and u'arc each an integer 

including zero but not all zero, x is an integer from 8 to 12. x' is an 
integer from 14 to 18. y is an integer from 22 to 26. / is an integer from 
58 to 62, z is an integer from 68 to 72. M. M' and are each a metal 
such as silicon, aluminum. Group III A elements. Group IVA elements, a 
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iransihon inctaK inner transition nieiaK lin, boron, or a rare earih. 
lanihanide. an alkali or alkaline earth, organic, organomeialic, inorganic, 
or amnnonium cation. M*" is' an increased binding energy hydrogen, 
compound, X and X* arc a singly or doubly negative charged anion, ihe 
5 compound contains at least one H, and the hydrogen content H of the 
compound comprises at least one increased binding energy hydrogen 
species. 

62. A compound of claim 1 having a formula wherein x is an 
1 0 integer, y is an integer from 2x+2 to 4x, z is an integer, and the hydrogen 

content H of the compound coniprises at least one increased binding 
energy hydrogen species. 

63. A compound of claim 16 wherein said singly negative charged 

1 5 anion is selected from the group consisting of halogen ions, hydroxide ion, 
hydrogen carbonate ion, dihydrogen phosphate, and nitrate ion. 

64. A compound of claim 19 wherein said singly negative charged 
anion is selected from the group consisting of halogen ion, hydroxide ion, 

20 hydrogen carbonate ion, dihydrogen phosphate, and nitrate ion. 

65. A compound of claim 20 wherein said singly negative charged 
anion is selected from the group consisting of halogen ion, hydroxide ion, 
hydrogen carbonate ion, dihydrogen phosphate, and nitrate ion 

25 

66. A compound of claim 21 wherein said singly negative charged 
anion is selected from the group consisting of halogen ions, hydroxide ion, 
hydrogen carbonate ion, dihydrogen phosphate, and nitrate ion. 

3 0 67. A compound of claim 22 wherein said singly negative charged 

anion is selected from the group consisting of halogen ion, hydroxide ion, 
hydrogen carbonate ion, dihydrogen phosphate, and nitrate ion. 

68. A compound of claim 55 wherein said singly negative charged 
3 5 anion is selected from (he group consisting of halogen ions, hydroxide ion, 
hydrogen carbonate ion, dihydrogen phosphate, and nitrate ion. 
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69. A compound of claim 56 wherein said singly negative charged 
anion is sclcclcd from the group consisUng of halogen ion. hydroxide ion, 
hydrogen carbonaie ion, dihydrogcn phosphate, and niirale ion. 

5 

70. A compound of claim 57 wherein said singly negative charged 
anion is selected from the group consisting of halogen ion. hydroxide ion» 
hydrogen carbonaie ion, dihydrogen phosphate, and nitrate ion. 

10 71- A compound of claim 58 wherein said singly negative charged 

anion is selected from the group consisting of halogen ions, hydroxide ion, 
hydrogen carbonaie ion, dihydrogen phosphate, and nitrate ion. 

72. A compound of claim 59 wherein said singly negative charged 

1 5 anion is selected from the group consisting of halogen ion.s. hydroxide ion, 

hydrogen carbonaie ion, dihydrogen phosphate, and niiraie ion. 

73. A compound of claim 60 wherein said singly negative charged 
anion is selected from the group consisting of halogen ions, hydroxide ion, 

2 0 hydrogen carbonate ion, dihydrogen phosphate, and nitrate ion. 

74. A compound of claim 61 wherein said singly negative charged 
anion is selected from the group consisting of halogen ion, hydroxide ion, 
hydrogen carbonate ion, dihydrogen phosphate, and nitrate ion. 

25 

75. A compound of claim 19 wherein said doubly negative charged 
anion is selected from the group consisting of carbonate ion, oxides, 
phosphates, hydrogen phosphates, and sulfate ion. 

3 0 76. A compound of claim 20 wherein said doubly negative charged 

anion is selected from the group consisting of carbonate ion, oxides, 
phosphates, hydrogen phosphates, and sulfate ion 

77. A compound of claim 22 wherein said doubly negative charged 
3 5 anion is selected from the group consisting of carbonate ion, oxides, 
phosphates, hydrogen phosphates, and sulfate ion 
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78. A compound of claim 55 wherein said doubly negative charged 
anion is selected from ihe group consisting of carbonate ion. oxides, 
phosphates^ hydrogen phosphates, and sulfate ion 

5 

79. A compound of claim 56 wherein said doubly negative charged 
anion is seiectcd from the group consisting of carbonate ion, oxides, 
phosphates, hydrogen phosphates, and sulfate ion 

10 80. A compound of claim 57 wherein said doubly negative charged 
anion is selected from the group consisting of carbonate ion. oxides, 
phosphates, hydrogen phosphates, and sulfate ion 

81. A compound of claim 58 wherein said doubly negative charged 
15 anion is selected from the group consisting of carbonate ion. oxides, 

phosphates, hydrogen phosphates, and sulfate ion 

82. A compound of claim 59 wherein said doubly negative charged 
anion is selected from the group consisting of carbonate ion, oxides, 

2 0 phosphates, hydrogen phosphates, and sulfate ion 

83. A compound of claim 60 wherein said doubly negative charged 
anion is selected from the group consisting of carbonate ion, oxides, 
phosphates, hydrogen phosphates, and sulfate ion 

25 

84. A compound of claim 61 wherein said doubly negative charged 
anion is selected from the group consisting of carbonate ion, oxides, 
phosphates, hydrogen phosphates, and sulfate ion 

3 0 85. A compound comprising 

(a), at least one neutral, positive, or negative increased binding 
energy hydrogen species having a total energy 

(i) greater than the total energy of the corresponding 
ordinary hydrogen species, or 
3 5 (ii) greater than the total energy of any hydrogen species for 

which the corresponding ordinary hydrogen species is unstable or is not 
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1 5 



observed because the ordinary hydrogen species" to.ai energy is less than 
Uiermal energies at ambient conditions, or is negative; and 
(b) at least one other element. 

5 86. A method of separating a desired isotope from a mixture of 
isotopes: 

reacting an increased binding energy hydrogen species with 
an .sotop.c mixture comprising a molar excess of a desired isotope with 
respect to the increased binding energy hydrogen species to form a 
10 compound enriched in the desired isotope; 

separating said compound enriclied in the desired isotope 
from the reaction mixture; and 

separating the increased binding energy hydrogen species 
from the desired isotope to obtain the desired isotope. 

87. A method of separating a desired isotope from a mixture of 
isotopes: 

reacting a mixture of isotopes with an increased binding 
energy hydrogen species, and 

removing said compound enriched in the imdcsired isotope. • 

88. The method of claim 86 wherein the mixture of isotopes comprises 
elements and/or compounds containing the isotopes. 

2 5 89. The method of claim 87 wherein the mixture of tsotopes comprises 

elements and/or compounds containing the isotopes. 

90. A method of separating isotopes according to claim 86 wherein 
the increased binding energy hydrogen species is an increased binding 

3 0 energy hydride ion. 

91. A method of separating isotopes according to claim 87 wherein 
the increased binding energy hydrogen species is an increased binding 
energy hydride ion, 

35 



20 
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92. A method of separating isotopes according to claim 88 wherein 
ihc increased binding energy hydrogen species is an increased binding 
energy hydride ion, 

5 93. A method of separating isotopes according \o claim 89 wherein 
the increased binding energy hydrogen species is an increased binding 
energy hydride ion. 

94. A nnelhod of separating isotopes according lo claim 86, further 

1 0 comprising the steps of repeating said steps of reacting and separating 
until a desired level or enrichment is obtained. 

95, A method of separating isotopes according to claim 87, wherein said 
increased binding energy hydrogen species is added in an amount less 

1 5 than the stoichiometric amount to fully react with said undcsired isotope. 

96, A method of separating isotopes according to claim 95, further 
comprising the steps of repealing said steps of reacting and removing 
until a desired level of enrichment is obtained. 

20 

97 . A method of separating isotopes according lo claim 87» wherein said 
increased binding energy hydrogen species is added in about the 
stiochiometric amount to fully react with said undesired isotope. 

25 98. The compound of claim 1 that is a source of protons when 
thermally decomposed. 

99. The compound of claim 1 that can be statically charged and 
comprises a component of a xerographic toner. 

30 

100. The compound of claim 1 that may be useful as a magnet or may 
comprise a magnetic computer memory storage material. 

101. The hydrino atom of claim 1 that comprises an etching agent. 
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102. A meihod of forming the novel compounds of claim I 
comprising liic steps of: 

providing a gaseous caialysi comprising al least one 
selected from the group consisiing of atoms of Li, Be, K. Ca. Ti. 
5 V, Cr, Mn, Fe, Co, Ni, Cu, Z\\ As. Sc, Kr, Rb, Sr, Nb, Mo. Pd, Sn, Te. 

Cs, Cc. Pr. Sm, Gd, Dy, Pb. and Pi; 

providing gaseous hydrogen atoms: 
reacting said gaseous catalyst with said gaseous hydrogen 
atoms, thereby forming hydrino from said gaseous hydrogen atoms; 
0 reacting said hydrino with at least one selected from ihe group 

of a source of electrons. H\ increased binding energy hydrogen 
species, and other clement to form said novel compounds. 

103. A method of claim 102 of forming novel compounds wherein a 
5 gaseous catalysts comprises at least one selected from the group 

consisting of a source of K\ z source of Rb\ and a source of He*, 

104. A method of claim 103 of forming novel compounds wherein 
the source of K* is potassiun^ metal. 

0 

105. A method of claim 103 of forming novel compounds wherein 
the source of Hb'' is rubidium metal. 

106. A method of claim 102 of forming novel compounds further 
5 comprising the step of applying an adjustable electric or magnetic 

field lo control the rate of formation of hydrino. 

107. A method for extracting energy from hydrogen atoms 
comprising the steps of: 

providing a gaseous catalyst comprising al least one 
selected from the group consisting of atoms of Li, Be, K. Ca, Ti, 
V, Cr, Mn, Fe. Co, Ni, Cu, Zn, As. Se, Kr» Rb, Sr, Nb, Mo, Pd, Sn. Te, 
Cs. Ce, Pr, Sm, Gd. Dy, Pb. and Pi; 

providing gaseous hydrogen atoms; and 
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reacting said gaseous caialysi with said gaseous hydrogen 
aioms» thereby releasing energy from said gaseous hydrogen 
aioms- 

5 108. A method of claim 107 for cxeraciing energy from hydrogen 
atoms wherein a gaseous catalysts comprises at least one selected 
from the group consisting of a source of /C*. a source of Rb\ and a 
source of He\ 

10 109. A method of claim 108 for extracting energy from hydrogen 
atoms wherein the source of K* is potassium metal, 

110, A method of claim 108 for extracting energy from hydrogen 
atoms wherein the source of Rb' is rubidium metal. 

1 5 

111. A method of claim 107 for extracting energy from hydrogen 
atoms further comprising the step of applying an adjustable electric 
or magnetic field to control the rate of energy release. 

2 0 112. A cell for extracting energy from hydrogen atoms comprising: 

a reaction vessel; 

a source of gaseous hydrogen atoms; and 
a source of a gaseous catalyst comprising at least one 
selected from the group consisting of atoms of Li. Be, K, Ca. Ti^ 

2 5 V, Cr, Mn. Fe, Co, Ni, Cu, Zn, As, Se, Kr. Rb. Sr, Nb, Mo, Pd. Sn, Te, 

Cs. Ce. Pr. Sm. Gd. Dy, Pb, and Pt. 

113. A cell of claim 112 for cxiraciing energy from hydrogen atoms 
wherein a gaseous catalysts comprises at least one selected from the 

3 0 group consisting of a source of a source of Rb\ and a source of 



35 



114, A cell of claim 113 for extracting energy from hydrogen atoms 
wherein the source of is potassium mclaL 
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115. A cell of claim 113 for exiraciing energy from hydrogen atoms 

wherein the source of Rb' is rubitiiuni metal. 

M6- A cell of claim 112 for extracting energy from hydrogen aioms 

5 further comprising an adjustable electric or magnciic field source. 

117. A cell for extracting energy from hydrogen atoms comprising: 

a reaction vessel; 

a chamber communicating with said vessel, said chamber 
I 0 containing gaseous hydrogen atoms or a source of said 

hydrogen atoms; and 

a catalyst reservoir communicating vi/iih said reaction 
vessel or a boat contained in said reaction vessel, said catalyst 
reservoir or boat containing a gaseous catalyst comprising at 
15 least one selected from the group consisting of atoms of Li. Be. 

Ca, Ti, V, Cr, Mn, Fc, Co, Ni. Cu. Zn, As, Se, Kr, Rb. Sr. Nb, Mo, 
Pd, Sn. Te, Cs, Ce, Pr, Sm, Gd. Dy. Fb, and Pi. 

118. A cell of claim 117 for extracting energy from hydrogen atoms 
20 u^herein a gaseous catalysts comprises at least one selected from the 

group consisting of a source of /C*. a source of Rb\ and a source of 
IIe\ 

119. A cell of claim 118 for extracting energy from hydrogen atoms 
25 wherein the source of K* is potassium metal. 

120. A cell of claim 118 for extracting energy from hydrogen atoms 
wherein the source of Rb* is rubidium melaL 

30 121. A cell of claim 117 for extracting energy from hydrogen atoms 
further comprising an adjustable electric or magnetic field source. 
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